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Earthquakes, Faulting, and Stress in the Los Angeles Basin 

EGII.L HAUKSSON 1 

Department of Geological Sciences, University of Southern California, Los Angeles 

Since 1920 fourteen moderate-sized (ML=4.9-6.4) earthquakes have been reported in the 
Los Angeles basin. These events axe associated with both mappable surficial faults and 
concealed faults beneath the basin sediments. To determine the style of faulting and state of 
stress in the basin, single-event focal mechanisms for 244 earthquakes of M_>2.5 that have 
occurred during 1977-1989 have been calculated. Fifty-nine percent of the events are strike- 
slip and are mostly located near two of the major, northwest striking right-lateral strike-slip 
faults in the basin, the Newport-Inglewood fault and the Palos Verdes fault. The 1988 
Pasadena and the 1988 Upland earthquakes showed left-lateral strike-slip on northeast 
striking faults. Numerous small earthquakes in the eastern part of the basin show left-lateral 
strike-slip faulting and form a northeast trend near Yorba Linda. Thirty-two percent of the 
events have reverse mechanisms and are distributed along two broad zones. The farst, the 
Elysian Park fold and thrust belt, coincides with anticlines along the eastern and northern 
flank of the Los Angeles basin extending into Santa Monica Bay. The second, the Torrance- 
Wilmington fold and thrust belt, coincides with anticlines mapped on the southwest flank of 
the basin and extends from offshore Newport Beach to the northwest into Santa Monica Bay. 
Oblique faulting that could be inferred by the merging of strike-slip and compressional 
tectonics does not occur in the basin. Instead, the coexistence of zones of thrusting and 
large strike-slip faults in the basin suggests that the thrust and strike-slip movements are 
mostly decoupled. A few normal faulting mechanisms appear to be related to faulting 
orthogonal to the axes of plunging anticlines. The trend of the maximum horizontal stress 
varies from NIøW to N31øE across the basin and consistently forms high angles with the 
fold axes. The stress field that exists along the flanks of the basin has a vertical minimum 
stress axis. This stress field and ongoing folding and thrusting suggest that tectonic 
deformation is concentrated along the flanks of the deep central basin. Today 'the 
deformation of the basin consists of uplift and crustal thickening and lateral block 
movement to accommodate the north-south compression across the basin. 

INTRODUCTION 

The Los Angeles basin is one of several deep Cenozoic 
basins that formed on the margin of the Pacific plate, near 
the San Andreas fault in southern California. Located at 

the northern edge of the Peninsular Ranges, it abuts the 
southern margin of the central Transverse Ranges (Figure 
1). Today the Los Angeles basin consists of a deep central 
basin with marine and fluvial sediment up to 10 km thick 
and folded and uplifted east, north, and southwest flanks 
[Yerkes et al., 1965; Davis et al., 1989]. This study 
analyzes earthquake data from the Los Angeles basin proper 
and the adjacent offshore Santa Monica Bay and San Pedro 
Bay and the San Gabriel Valley. 

The 1987 (ML=5.9) Whittier Narrows earthquake 
occurred on a concealed thrust fault beneath the folded 
sediments of the north flank of the basin [Davis et al., 
1989; Hauksson and Jones, 1989]. This study attempts to 
determine where similar zones of folding and thrust faulting 
exist in the Los Angeles basin. Identifying such zones of 
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thrusting is important because they could cause similar or 
even more damaging earthquakes than the 1987 Whittier 
Narrows eanhq•e. 

Data from moderate-sized events (M>__4.9) since 1920 and 
small earthquakes 2.5<_M<4.9 since 1977 throughout the 
Los Angeles basin have been analyzed to evaluate active 
faulting in the basin. A map of the epicenters of 
earthquakes recorded between January 1973 and May 1989 
in the greater Los Angeles basin shows events scattered 
throughout with no simple spatial patterns (Figure 2). 
This is in contrast to the clustering of earthquakes along 
major faults observed in many other parts of California 
such as along the San Jacinto fault [Allen et al., 1965; 
Sanders, 1986]. Thus the spatial distribution of seismicity 
alone cannot be used to map subsurface expressions of 
active faults in the Los Angeles basin. 

Single-event focal mechanisms have been determined for 
244 earthquakes of 2.5<_M<5.9 in the Los Angeles basin. 
Although the spatial distribution of epicenters does not 
delineate specific faults, the focal mechanisms do form 
systematic spatial patterns. These patterns are used to 
evaluate the spatial extent of strike-slip, normal, and thrust 
or reverse faulting. 

The Los Angeles basin forms a transition zone between 
the strike-slip tectonics of the Peninsular Ranges and the 
convergent tectonics of the Transverse Ranges. Both 
strike-slip and compressional tectonic structures exist 
within this transition zone. Traditionally, the compressive 
structures such as folds have been interpreted as secondary 
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Fig. 1. Map showing geographical features, late Quaternary faults, and the Los Angeles basin in southern 
California. The flanks of the basin as defined in this study are shown as shaded areas. The east flank is defined 
as as the region in between the 8 km sediment depth contour of the basin [Yerkes et al., 1965] and the Puente 
Hills to the east. The north flank is defined as the area between the 8 km depth contour and the Santa Monica- 
Hollywood faults to the north. The southwest flank is defined as the m:ea between the 500 m bathymerric 
contour offshore and the Newport-Inglewood fault. The 8 •nd 10 km depth contours outline the deep central 
basin. 
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structures caused by movements on the primary late 
Quaternary strike-slip faults. This interpretation is called 
the wrench tectonics model [e.g., Wilcox et al., 1973]. 
The wrench faulting models assume layers of soft 
sediments that deform in response to motion on a strike- 
slip fault at depth below them. The Newport-Inglewood 
fault on the southwest flank of the basin is often presented 
as the classic example of wrench faulting [Wilcox et al., 
1973]. Recently, Wright [1987] has pointed out the strong 
disagreement between the actual distribution and orientation 
of fold axes along the Newport-Inglewood and Whittier 
faults and those predicted by the wrench faulting model. 
Similarly, the folding along the north flank of the basin 
cannot be associated with a known strike-slip fault. Thus 
the folding along the flanks of the basin cannot easily be 
explained as secon• effects from strike-slip faulting. 

If both the strike-slip and compressional tectonics in the 
basin are of similar importance, their coexistence could 
suggest that the faulting in the basin should be mostly 
oblique. Alternatively, the merging of these two tectonic 
styles could take place as decoupled strike-slip and thrust 
faulting. Such decoupling occurred on a smaller scale in 
the 1987 Whittier Narrows sequence where the mainshock 
ruptured a gently dipping thrust fault and the largest 
aftershock ruptured a steeply dipping strike-slip fault 
[Hauksson and Jones, 1989]. One of the goals of this 
study is to explore the possible role of alecoupling of fault 
slip in the tectonic deformation of the basin. 

The relative importance of strike-slip and compressional 
tectonics is also evaluated by determining the present stress 
field. The focal mechanisms are used in this study to 
determine the orientations of the three principal stress axes 
and their relative magnitudes. Compressional structures 
such as folds are finite strain markers, which reflect the 
stress field at the time of formation. In this study the 
relationship between the present stress field and orientation 
of fold axes are analyzed. If the stress field had changed 
since the formation of the folds, the orientation of fold axes 
could be expected to be in part inconsistent with the 
present stress field. Furthermore, within regions of strike- 
slip faulting the intermediate principal stress is vertical, 
while within regions of thrust faulting the minimum 
principal stress is vertical. If strike-slip and thrust faulting 
are of similar importance in the basin, the intermediate and 
minimum principal stresses should be of very similar 
magnitude and hence could interchange in orientation 
depending on local perturbations in the stress field. 

In addition to the 1987 (ML=5.9) Whittier Narrows 
eanhqu•e, numerous moderate-sized or large eanhq•es 
have shown that folds located above thrust faults can grow 
during the earthquake. The 1980 (Ms=7.3) E1 Asnam, 
Algeria, earthquake [Nabelek, 1985], the 1983 (Ms=6.5) 
Coalinga earthquake [Eaton, 1985; Namson and Davis, 
1988], and the 1985 (Ms=6.7, 6.9) Nahanni, Canada, 
earthquakes [Wetmiller eta!., 1988] all occurred on 
concealed thrust faults and caused coseismic growth of 
surficial folds. Although numerous earthquakes that have 
occ•ed on concealed thrust faults have been documented in 

detail, no simple methods exist for estimating the 
maximum size of an earthquake on a buried thrust fault. 
One of the largest instrumentally recorded em'thquakes to 
occur on a thrust fault in California was the 1952 

(Ms=7.7) Kern County earthquake. It was caused by 
rapture on a 75-km-long concealed thrust fault near the 
southern end of the San Joaquin Valley [Stein and 
Thatcher, 198!]. The surface rapture that was reported 
along the White Wolf fault poorly fits the geodetic data 
[Stein and Thatcher, 1981] and may have been secondary 
faulting. If the thrust faults beneath the flanks of the basin 
are capable of generating similar earthquakes, the 
earthquake hazards in the Los Angeles basin have been 
underestimated in the past because estimates of the 
earthquake potential of these thrust faults have not been 
included [e.g., Ziony and Yerkes, 1985]. 

T•CTON•½ S•z'rrtNa 

The Los Angeles basin has gone through several 
episodes of tectonic deformation since it began forming in 
the middle Miocene (16-11 Ma) [Davis et al., 1989]. The 
inception of the basin probably included volcanism, block 
rotation, and extensional block faulting on northwest to 
north striking faults [Campbell and Yerkes, 1976; Wright, 
1987]. The Newport-Inglewood fault zone may already 
have been a zone of weakness during this time, because its 
southwest flank was uplifted prior to middle Miocene 
(Figure I) [Wright, 1987]. Toward the end of middle 
Miocene, Tarzana and Puente fan deposition initiated. 
Today sediment from the Santa Monica Mountains have 
replaced the flux of sediment from the Tarzana fan. Some 
of the old Tamana fan sediment outcrop in the Elysian 
Hills north of downtown Los Angeles. Sediment from the 
Puente fan, however, continue to be deposited into the 
basin through the Whittier Narrows [Wright, 1987]. 

In late Miocene and earliest Pliocene (8-4 Ma), the Los 
Angeles basin went through its main phase of subsidence 
and deposition and acquired its present form [Yerkes et al., 
1965]. During this period, the sedimentation was 
primarily turbidity currents travelling down to the basin 
floor at 1-2 km depth below sea level [Yerkes et al., 1965]. 
Toward the end of this time, the basin filled more rapidly 
than it subsided. Concurrently, left-lateral faulting along 
the southern margin of what is now the east-west trending 
Transverse Ranges dominated deformation in the north Los 
Angeles basin [Lamar, 1961 ]. 

The opening of the Gulf of California in late Pliocene 
time (4-2 Ma) (Pasadenan deformation) had a profound 
effect on the neotectonics of southern California [Atwater, 
1989; DeMets et al., 1987]. In the Los Angeles basin, the 
type of deformation changed from northwest-southeast 
extension to north-south compression [Wright, 1987]. 
Since the onset of compressional tectonics, the upper 
Pliocene sediments have been uplifted, folded, and in some 
cases overturned by the north-south compressive stress field 
[Yerkes et al., 1965]. 

Today the Los Angeles basin includes the deep basin and 
east, north, and southwest flanks (Figure 1). The deep 
basin forms a northwest-southeast elongated synclinorium 
filled with marine and fluvial sediments, while the flanks 
are uplifted and folded. Using the retrodeformable cross- 
section technique, Davis et al. [1989] interpreted 
compressional structures along two profiles crossing the 
basin. One profile crosses the middle of the basin, along a 
north-south line, and another profile provides a derailed 
structural interpretation of the Whittier Narrows area. Both 
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of these profiles, constructed using the fault-fold 
relationships technique of Suppe [1985], model the near- 
surface folding as caused by thrust faulting at depth. Thus 
Davis et al. [1989] infer thrust faults at depth, although 
they are not able to tell if these faults are seismogenic at 
present. 

In addition to the compressional geologic structures, the 
basin is also crosscut by northwest to north-northwest 
striking right-lateral strike-slip faults of late Quaternary age 
including the Whittier fault, Newport-Inglewood fault, and 
the Palos Verdes fault. The northern margin of the basin is 
bounded by the range front faults, such as the Santa 
Monica, Hollywood, and Sierra Madre faults [Crook et al., 
1987; Morton and Yerkes, 1987]. Some of these exposed 
late Quaternary faults may be seismogenic, while others are 
thought to be mostly aseismic [Ziony and Yerkes, 1985]. 

EARTHQUAKE DATA AND .AdWALYSIS 

Earthquakes occurring within the area extending from 
latitude 33ø26'N to 34ø16'N and from longitude 117ø28•¾ 
to 118ø48'W were analyzed in this study (Figure 2). The 
earthquake data from 1977 to 1989 were recorded by both 
the California Institute of Technology/U.S. Geological 
Survey (C!T/USGS) Southern California Seismic Network 
and the University of Southern California (USC) Los 
Angeles Basin Seismic Network. Digital seismograms of 
all 244 earthquakes of M>2.5 discussed in this study were 
analyzed either specifically for this study or for other 
studies [Hauksson, 1987; Hauksson and Saldivar, 1989; 
Hauksson and Jones, 1989]. Eanlaquakes from two periods 
(May 1980 to March 1981 and February to June 1983) are 
not included because the CIT/USGS digital seismic data 
have not yet been processed. 

Four sets of velocity models and station delays were used 
to calculate hypocenters and takeoff angles in this study. 
These models were determined by inverting P and S arrival 
time data with the VELEST computer program [Roecker 
and Ellsworth, 1978]. In the east Los Angeles basin and 
along the Newport-Inglewood fault the models and delays 
derived by Hauksson and Jones [!989] and Hauksson 
[1987] were used, respectively. Events located offshore in 
Santa Monica Bay were located using models derived by 
Hauksson and Saldivar [!989]. As a part of this study a 
new set of models and delays were derived for the San Pedro 
Bay area. Final locations were calculated using 
HYPOINVERSE [Klein, 1985] and the velocity models 
and station delays for the respective epicentral region. A 
distance weight of one in the distance range 0-100 km and 
linearly decreasing weight from one to zero in the distance 
range 100-120 km was applied. In most cases both the 
epicenter and the focal depth are constrained to better than 
1_+1 kin. For events located offshore, however, the focal 
depths are less certain. 

The 244 single-event, lower hemisphere focal 
mechanisms were determined from P wave first motion 

polarities using a grid-searching algorithm and computer 
programs by Reasenberg and Oppenheimer [1985]. To 
avoid possible bias in the state of stress from major 
aftershock sequences, only the focal mechanisms of the 
mainshock and largest aftershock for M>5.0 mainshocks 
are included in this study. No systematic effort was made 
to exclude aftershocks of M<5.0 mainshocks because these 

are usually followed by few if any aftershocks of M_>2.5. 
In Figures 3, 4, and 5, depending on the rake for the 
selected plane, the focal mechanisms have been grouped 
into strike-slip, normal, and thrust faulting, respectively. 
Normal mechanisms have rakes ranging from -45 ø to -135 ø . 
Thrust mechanisms have rakes ranging from 45 ø to 135 ø. 
Five events with nodal planes dipping less than 20 ø and 
rakes close to 0 ø or 180 ø are also classified as thrust 
faulting. Strike-slip events have rakes ranging from 44 ø to 
44 ø and 136 ø to 224 ø . In most cases the grouping is clear, 
although in a few cases the event may be strike-slip and 
normal or thrust depending on which plane is selected. If 
the first motion data could be fit with more than one 
solution, the other solutions are also shown and are flagged 
with a star. 

A stress inversion technique developed by Michael 
[1984] was used to invert the focal mechanisms for the 
state of stress. The inversion minimizes the misfit angle 
(B) between the direction of the shear stress on the fault 
plane and the observed slip direction on that plane 
determined from focal mechanism. The inversion assumes 

that the regional stress field is a constant tensor, all slip 
events are independent, and the magnitude of the tangential 
traction (ITI) applied to each fault plane is similar. The 
third assumption is equivalent to assuming that ITl=l, 
because only relative stress magnitudes can be calculated. 
The inversion solves for the orientation of the three 

principal stress axes and the • value, a measure of the 
relative magnitude of the principal stresses defined as 

•=(S2 - S3)/(S1- S3) 

where S1, S2, and S3 are the maximum, intermediate, and 
minimum compressive principal stresses. 

One plane must be selected from each focal mechanism 
as the actual fault plane [Michael, 1987a]. In this study, 
the planes listed in Table 1 are those selected for the 
inversions. In general, north to northwest striking right- 
lateral planes in strike-slip focal mechanisms were chosen. 
In a few instances, where the strike-slip mechanisms align 
along a northeast trend, the east to northeast striking planes 
were chosen. The north dipping planes in the reverse or 
thrust mechanisms were chosen because these are assumed 

to be more consistent with the geological deformation than 
the south dipping planes [Davis et al., 1989]. In San 
Pedro Bay, however, the south dipping planes were chosen 
for the thrust events because the trend of hypocenters 
appears to dip to the south. The planes indicating faulting 
down into the Los Angeles basin were chosen for the 
normal faulting mechanisms. 

Although the geological information makes it possible 
to select some planes correctly, other planes may be picked 
incorrectly. This is accounted for in the bootstrap 
technique used to calculate the confidence limits by 
assuming that 30% of the planes are picked incorrectly 
[Michael, 1987b]. 

EARTHQUAKES 

Since 1920, 14 moderate-sized (ML--4.9-6.4) mainshock- 
aftershock sequences have occurred in the greater Los 
Angeles basin (Figures 6a and 6b and Table 2). These 
earthquakes do not occur along a single fault but are 
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associated with many low slip-rate, late Quaternary faults 
that are distributed over a large area [Ziony and Yerkes, 
1985; Ziony and Jones, 1989]. Research on Los Angeles 
basin earthq•es was initiated by Taber [1920], who was 
commissioned by the Seismological Society of America to 
study the 1920 Inglewood (ML=4.9) earthquake. He 
attributed the earthquake to slip on the Newport-Inglewood 
fault just west of the town of Inglewood, because the event 
cause3 concentrated heavy damage in the town. 

The three largest historic earthquakes that have caused the 
most damage in the Los Angeles area are the 1933 
(ML=6.3) Long Beach, 1971 (ML=6.4) San Fernando, and 
1987 (ML=5.9) Whittier Narrows earthquakes. The 1933 
Long Beach earthquake occurred on the southern segment of 
the Newport-Inglewood fault, from Newport Beach to 
Signal Hill, and showed right-lateral strike-slip movement 
[Wood, 1933; Richter, 1958; Woodward-Clyde 
Consultants, 1979]. The 1971 San Fernando earthquake 
showed reverse faulting with a component of left-lateral 
strike slip and raptured along the San Fernando member of 
the Sierra Madre fault zone [Whitcomb et al., 1973; 
Heaton, 1984]. The 1987 Whittier Narrows earthquake, 
which occurred on a previously unrecognized concealed 
thrust fault, showed pure thrust motion on a gently north 
dipping plane [Hauksson and Jones, 1989]. Only three 
focal mechanisms in Figure 6b from a data set of nine 
(ML>4.9) events show mostly strike-slip movement, while 
six events show mostly reverse or thrust faulting. The 
focal mechanisms of the moderate-sized earthquakes reflect 
the local geology but are too few to resolve the details of 
the boundary between the thrust regime m the north and the 
strike-slip regime to the south. 

The rate of small earthquakes in the Los Angeles basin 
and the adjacent offshore areas is similar to the average rate 
for southern California [Allen et al., 1965]. In Figure 2, 
all the earthquake locations in the CIT/USGS catalog from 
January 1973 to May 1989 are plotted. Since 1973 the 
dense CiT/USGS and USC networks of seismograph 
stations have been in operation in and around the Los 
Angeles basin, providing excellent coverage of seismic 
activity. The densest clusters of events in Figure 2 are 
mainshock-aftershock sequences such as 1979 and 1989 
(ML=5.0) Malibu [Hauksson and Saldivar, 1986] and 1987 
(ML=5.9) Whittier Narrows [Hauksson and Jones, 1989] 
sequences. The small earthquakes do not show any simple 
correlation with late Quaternary faults. As pointed out by 
Hauksson [1987], a broad zone of activity around the 
Newport-Inglewood fault can be seen in Figure 2. The 
absence of epicenters to the north of the southernmost 
north dipping frontal faults (e.g., the Santa Monica- 
Hollywood and Sierra Madre faults) suggests that the small 
earthquakes are not associated with these faults. The 
concentration of small earthquakes to the south of these 
faults, the zone west of the Whittier fault, and the zone 
partly offshore to the west of the Newport-Inglewood fault 
suggests that the deformation is concentrated along the 
flanks of the basin. 

To determine if the 244 earthquakes provide a 
representative sample over the 2.5-5.9 magnitude range and 
if their b value depends on the focal mechanisms of the 
earthquakes, b values have been calculated. The maximum 
likelihood method [Page, 1968] was used to calculate the b 

value for the set of events for which focal mechanisms 
have been determined (Figure 7). The strike-slip and 
normal faulting events show slightly higher b values of 
1.06+0.17 and 0.94+0.39, respectively, as compared to the 
b value for thrust faulting events of 0.70-k_0.15. The error 
bars are the approximate 95% confidence limits. The 
average b value for the whole data set is 0.94_+0.12, similar 
to the b value of 1.02 determined by Allen et al. [1965] for 
the Los Angeles basin. This similarity shows that the dam 
set is a representative sample. The strike-slip and normal 
events thus seem to cause the high b value in the basin as 
compared to b values in the range 0.8-0.9 for other parts of 
southern California [Allen et al., 1965]. If Scholz• [1968] 
correlation of low b values with high stress is correct, the 
low b value for thrust faults could imply higher stresses on 
thrust faults as compared with the stresses on strike-slip 
faults. 

Acriv• F^on•NO 

The style of active faulting in the Los Angeles basin is 
reflected in the focal mechanisms of the local earthquakes. 
The 244 single-event, lower hemisphere focal mechanisms 
plotted at their epicenters in Figure 8 and listed in Table 1 
show that strike-slip, thrust, and normal faulting are all 
occurring in the basin. The events (2.5 <_3/< 5.9) are 
distributed throughout the Los Angeles basin and the 
adjacent Santa Monica Bay and San Pedro Bay. 

The style of active faulting is also recorded as slip on 
mappable surficial faults. The major mappable surficial 
faults in the Los Angeles basin are the northwest striking 
Newport-Inglewood, Whittier, and Palos Verdes faults and 
the west striking faults located within and along the 
southern margin of the central Transverse Ranges, such as 
the Santa Monica-Hollywood and Sierra Madre faults 
(Figure 9a). The late Quaternary faults in Figure 9a are 
from Ziony and Jones [1989] and Za'ony and Yerkes [1985], 
who point out that more than 95 late Quaternary faults 
have been mapped in the greater Los Angeles area. Many 
of these faults are capable of generating moderate-sized and 
large (M>6.7) earthquakes, although some may be too 
small or not have a favorable orientation to the present 
stress field for generating large earthquakes. The presence 
of nearby small earthquakes may assist in evaluating the 
type of faulting and whether a fault is active, while the 
absence of small earthquakes near a fault does not exclude 
the possible future occurrence of small or large earthquakes 
[Allen et al., 1965; Ziony and Yerkes, 1985]. 

The surficial folding of sediments above concealed thrust 
faults is yet another expression of active faulting in the 
basin. Mapped folds in the basin, represented by their axes 
in figures, form two major belts of folding. The first fold 
belt is located along the east and north flank of the Los 
Angeles basin and the second along the southwest flank of 
the basin (Figure 9b). Most of the long fold axes in 
Figure 9b are from Yerkes et al. [1965], who did a 
comprehensive analysis of the Los Angeles basin geology. 
Additional fold axes for the offshore area are taken from 

Junger and Wagner [ 1977], and Narch'n and Henyey [ 1978]. 
t!arding and Tuminas [1988], and Wright [1987] provided 
numerous fold axes derived from oil exploration. The 
Santa Monica Mountains Anticlinorium (SMMA) is 
shown with a dashed thick curve [Davis et al., 1989]. 
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Strike-Slip Faulting 
To examine strike-slip faulting in the Los Angeles 

basin, late Quaternary faults and strike-slip focal 
mechanisms are plotted together in Figure 10. The 
northeast trending depth cross section AA' in Figure 10 
shows that strike-slip faulting occurs from the near surface 
down to depths of 14-17 km. 

The cluster of right-lateral strike-slip mechanisms along 
the Newport-Inglewood fault can be clearly seen (Figure 
10). The largest event (ML=4.6) on the Newport- 
Inglewood fault since the 1940s was strike slip and 
occurred on April 7, 1989, just 2-3 km to the south of the 
epicenter of the 1933 (ML=6.3) Long Beach earthquake 
[Richter, 1958]. The Newport-Inglewood fault has more 
seismic activity associated with it than other late 
Quaternary faults within the Los Angeles basin. 

The spatial correlation between the surficial trace of the 
Palos Verdes fault and the distribution of strike-slip 
mechanisms is much less clear than along the Newport- 
Inglewood fault. Over more than 60 km on the Palos 
Verdes Peninsula and in San Pedro Bay, only four strike- 
slip mechanisms are located near the surface trace of the 
fault. In Santo Monica Bay, a small cluster of strike-slip 
events coincides with the surface trace of the Palos Verdes 
fault. Several strike-slip events are located farther west in 
Santa Monica Bay, along the western edge of the Santa 
Monica Shelf Projection [Hauksson and Saldivar, 1989]. 
Other offshore strike-slip events cannot be associated with 
specific mapped faults. 

In the eastern Los Angeles basin the strike-slip focal 
mechanisms do not cluster around either the Whittier or the 

Chino fault (Figure 10). A northwest trending distribution 
of strike-slip mechanisms 5-10 km west of the Whittier 
fault is too scattered to correlate with one specific fault 
such as the Norwalk fault. An alignment of left-lateral 
focal mechanisms trending northeast from Yorba Linda 
(Yorba Linda trend) and crossing the Whittier fault, 
however, suggests a northeast trending left-lateral strike- 
slip fault (Figures 2 and 10). Less likely, these could be 
interpreted to be an en echelon pattern of north-northwest 
striking faults, which form an apparent northeast trend. 
This trend of epicenters and focal mechanisms that has not 
been pointed out before in the literature crosses the fold 
belt along the eastern flank of the basin. It may also be 

Fig. 5. Normal faulting focal mechanisms that occurred during associated with a cluster of strike-slip events Iocat• farther 
1977-1989 in the Los Angeles basin. See also caption of tO the northeast, 8-16 km east of the Chino fault. This 
Figure 3. trend may also segment or offset concealed thrust faults at 

These folds are assumed to be caused by slip on concealed 
thnast faults at depth [Suppe, 1985; Davis et al., 1989]. 
The length of the fold axes gives some indication of 
possible maximum earthquake size, •use the longer the 
fold axis the larger the concealed fault. 

To compare the earthquake focal mechanisms to the late 
Quaternary faults and folds, the focal mechanisms have 
been grouped by rake for the selected plane into strike-slip, 
normal, and thrust faulting. More than half or 144 of these 
events show strike-slip faulting, 78 show reverse or thrust 
faulting and 22 show normal faulting. Below, strike-slip 
mechanisms are compared to mappab!e surficial strike-slip 
faults, while thrust and normal mechanisms are compared 
to zones of folding and thrust faulting. 

depth because the focal depths of some of these strike-slip 
events are greater than the depths of the thrust events. 
Similar northeast trending alignments adjacent to the 
southern San Andreas fault have been identified by 
Nicholson et al. [1986]. 

Several recent Los Angeles basin earthquakes have 
shown mostly strike-slip movement. The largest strike- 
slip event to occur during the time period covered by this 
study was the 1987 (ML=5.3) Whittier Narrows aftershock. 
It occurred on a north-northwest striking tear fault that 
appeared to limit the western extent of rupture in the 
mainshock [Hauksson and Jones, 1989]. This steeply 
dipping strike-slip fault may segment the mainshock thrust 
fault at depth. A similar north-northwest trending fault is 
defined by a cluster of strike-slip events located 10 km 
farther west near Montebello (Figure !0). The 1988 
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TABLE 1. Locations and Focal Mechanisms of Earthquakes in the Los Angeles Basin 

Origin Time, Latitude 
Day ur N 

Longitude Depth, Mag. Focal Mechanisms Number of 
W km M/. Ddir Dip Rake First Motions 

June 12, 1977 
June 13, 1977 
June 14, 1977 
June 20, 1977 
June 27, 197 7 
Aug. 29, 197 7 
Sept. 24, 1977 
Sept. 26, 1977 
Sept. 27, 1977 

Oct. 6, 1977 
Oct. 20, 1977 
Nov. 8, 1977 
Dec. 7, 1977 

Dec. 20, 1977 
Feb. 12, 1978 

April 18, 1978 
April 29, 197 8 

May 9, 1978 
May 11, 1978 
May 1!, 1978 
May 27, 1978 
June 14, 1978 
Sept. 2, 1978 
Sept. 3, 1978 

Sept. 22, 1978 
Oct. 6, 1978 

Nov. 19, 1978 
Nov. 19, 1978 
Nov. 19, 1978 
Nov. 19, 1978 
Feb. 27• 1979 

March 5, 1979 
April 21, 1979 
May 16, 1979 
May 20, 1979 
July 31, 1979 
lan. 8, 1980 

Jan. 18, 1980 
Jan. 20, 1980 
Feb. 9, 1980 

April 21, !980 
Feb. 27, ! 981 
May 6, 1981 
June 4, 198I 
June 4, 1981 

June 22, 1981 
July 5, 1981 
July 6, 1981 

Aug. !4, 1981 
Nov. 4, 1981 
Dec. 5, 1981 
Jan. 3, 1982 

Jan. 19, 1982 
Feb. 8, 1982 

Apdl 8, 1982 
May 25, 1982 
May 25, 1982 
May 26, 1982 
June 6, 1982 
luly 2, 1982 

July 28, 1982 
Aug. 29, 198 2 
Sept. !2, !982 
Oct, 14, 1982 
Oct. !5, !982 
Nov. 4, 1982 
Nov. 6, 1982 
Dec. 13, 1982 
Jan. 21, 1983 

March 1, 1983 
April 18, ! 983 

July 13, 1983 

Strike-Slip Faulting Earthquakes 
t415 34ø01.67 ' 117ø34.99 ' 6.8 2.7 125 ø 40 ø -40 ø 68 
0319 33052.37 ' 118037.33 ' 11.9 2.8 245 ø 90 ø 175 ø 66 
0156 34ø00.62 ' 118ø19.52 ' 8.7 2.8 255 ø 70 ø -164 ø 57 
1833 34000.66 ' 118018.80 ' 9.4 2.5 59 ø 35 ø 143 ø 48 
2059 34005.93 ' 117ø57.85 ' 11.0 2.7 346 ø 73 ø 36 ø 47 
1430 33048.80 ' 117051.44 ' 3.5 2.5 37 ø 71 ø 158 ø 29 
0534 34003.94 ' 117ø58.04 ' 15.4 2.9 325 ø 48 ø 41 ø 51 
0714 33032.29 ' 118013.58 ' 5.7 2.9 95 ø 35 ø -150 ø 57 
1810 33ø32.17 ' 118012.97 ' 4.4 3.1 60 ø 80 ø 180 ø 60 
0816 33059.96 ' 1!8ø11.69 ' 13.6 3.3 310 ø 40 ø 0 ø 57 
2014 33ø44.31 ' 118001.02 ' 3.8 2.7 255 ø 80 ø -160 ø 54 
1052 33053.54 ' 117o54.68 ' 3.9 3.4 100 ø 65 ø 20 ø 65 
1540 33ø47.32 ' 118o04.78 ' 4.6 2.7 170 ø 90 ø 0 ø 48 
1315 34o00.98 ' 118o12.00 ' 16.9 2.8 60 ø 80 ø 180 ø 51 
1522 33057.52 ' 117043.06 ' 4.8 2.7 15 ø 80 ø 154 ø 46 
2242 33ø53.16 ' 117032.53 ' 8.9 3.1 122 ø 56 ø -37 ø 56 
0332 33050.42 ' 117ø43.58 ' 9.5 3.3 321 ø 38 ø 43 ø 79 
1830 33ø48.11 ' 117ø58.41 ' 14.0 2.7 250 ø 60 ø -168 ø 58 
0547 33059.48 ' 118ø21.36 ' 7.7 2.9 259 ø 60 ø 168 ø 65 
1757 34000.76 ' 118ø28.03 ' 8.4 2.8 236 ø 80 ø 159 ø 58 
1438 34000.79 ' 117036.06 ' 4.5 2.5 245 ø 85 ø 150 ø 59 
0559 34ø00.88 ' 117ø36.07 ' 5.0 2.5 51 ø 80 ø 159 ø 55 
1815 33ø57.22 ' 117o43.06 ' 4.7 2.7 195 ø 80 ø 170 ø 68 
1810 33ø57.27 ' 117ø43.32 ' 5.6 3.5 306 ø 64 ø 33 ø 100 
0313 33o52.07 ' 117ø49.67 ' 1.9 2.7 290 ø 80 ø -10 ø 60 
1339 33o55.07 ' 117ø45.55 ' 14.4 2.5 315 ø 70* -30 ø 67 
0355 34ø00.78 ' 118%7.69' 11.8 2.8 64 ø 24 ø 141 ø 76 
0420 33ø51.05 ' 118ø!0.17 ' 7.4 2.6 170 ø 80 ø -10 ø 60 
1740 33ø50.61 ' 118o10.23 ' 15.2 3.0 230 ø 75 ø -170 ø 71 
1800 33o50.97 ' 118o09.93 ' 8.5 2.8 170 ø 85 ø 0 ø 66 
0707 33ø56.71 ' 118o19.50 ' 9.1 3.0 34" 72 ø 148 ø 66 
1100 33ø47.96 ' 118007.80 ' 8.6 2.6 95 ø 85 ø -180 ø 60 
0600 33o47.64 ' 118005.02 ' 7.7 3.1 75 ø 85 ø -150 ø 64 
0325 33ø51.00 ' 118ø3!.31 ' 10.5 2.7 60 ø 90 ø 160 ø 77 
0442 33ø51.17 ' 118031.46 ' 5.5 2.7 77 ø 60 ø -174 ø 75 
1251 33050.52 ' 118ø07.81 ' 11.0 2.7 270 ø 70 ø 170 ø 69 
1910 34ø02.3! ' 117o33.26 ' 9.8 3.3 35 ø 75 ø -160 ø 92 
0909 33ø55.95 ' 117o43.25 ' 11.7 3.1 120 ø 54 ø -3! ø 80 
2054 33ø45.97 ' 117ø31.86 ' 4.3 2.5 345 ø 48 ø 41 ø 65 
0917 33ø47.87 ' 118ø06.17 ' 7.1 2.7 265 ø 75 ø 170 ø 63 
2255 34ø09.21 ' 117o47.28 ' 11.7 2.7 330 ø 75 ø -30 ø 70 
1511 34ø09.37 ' 118ø35.66 ' !4.3 3.5 255 ø 75 ø -180 ø 84 
0556 33ø44.05 ' 1 !8ø01.60' 3.7 3.1 90 ø 55 ø -140 ø 78 
1151 33ø40.81 ' 117022.39 ' 11.7 3.6 215 ø 80 ø 150 ø 80 
1426 33o40.74 ' 117ø22.47 ' 12.0 3.0 38 ø 52 ø 154 ø 52 
1803 33o44.92 ' 118ø06.55 ' 2.9 2.5 10 ø 90 ø -10 ø 72 
0031 33ø40.86 ' 117o22.43 ' 4.1 2.8 35 ø 90 ø 175 ø 77 
1953 33ø51.72 ' 117ø51.90 ' 4.4 3.1 19 ø 81 ø 149 ø 81 
0109 33ø57.79 ' 118ø34.32 ' 8.3 3.4 225 ø 75 ø 140 ø 94 
1154 33o54.46 ' 118o37.04 ' 11.9 2.7 250 ø 65 ø -160 ø 48 
2052 34o05.46 ' 117ø47.59 ' 13.9 2.5 245 ø 8! ø -144 ø 77 
0037 33o54.72 ' 117ø57.32 ' 5.3 2.8 347 ø 56 ø 37 ø 87 
0535 33o55.97 ' 1!8ø28.75 ' 8.2 2.5 52 ø 7! ø 158 ø 98 
2353 34014.82 ' 118ø24.56 ' 2.7 2.6 280 ø 90 ø 175 ø 67 
1503 34ø11.82 ' 118%8.66' 3.1 2.5 235 ø 80 ø 170 ø 65 
1410 33033.04 ' 1!8ø!2.03 ' 12.1 2.8 39 ø 81 ø !49 ø 78 
2037 33ø33.22 ' 118o11.83 ' 5.4 2.6 50 ø 85 ø 180 ø 76 
1411 33ø38.40 ' 117ø29.02 ' 6.1 2.5 32 ø 80 ø -164 ø 84 
1720 33o28.89 ' 117ø43.91 ' 12.5 2.6 70 ø 50 ø 180 ø 64 
0100 33ø49.24 ' !17ø43.59 ' 11.7 2.7 205 ø 55 ø 170 ø 87 
!642 34ø14.31 ' 118%3.10' 15.6 2.6 28 ø 38 ø 137 ø 63 
2123 34ø03.48 ' !17ø35.96 ' 15.1 2.6 55 ø 70 ø -!64 ø 73 
1555 33ø48.18 ' 118ø14.10 ' 7.0 2.5 255 ø 80" -174 ø 67 
1226 33ø53.18 ' 117ø41.09 ' 5.8 2.7 45 ½ 80 ø -140 ø 77 
0957 34011.88 ' 118o38.73 ' 3.3 3.5 240 ø 80 ø 150 ø 100 
1613 33o53.27 ' 117ø54.82 ' !2.9 2.6 316 ø 41 ø 15 ø 75 
0737 33ø48.12 ' ! 18013.92 ' 8.2 2.8 90 ø 75 ø -170 ø 77 
0205 33ø42.50 ' 118004.68 ' 8.4 2.6 85 ø 90 ø -170 ø 51 
1450 34ø09.19 ' 117048.69 ' 12.1 2.5 323 ø 38 ø -43 ø 65 
2018 33o55.95 ' 118ø17,40 ' 10.8 3.6 250 ø 800 160 ø 64 
2139 34ø01.88 ' 118012.88 ' 13.! 2.8 1 ø 38 ø 43 ø 66 
2353 33041.37 ' !18ø01.68 ' 5.4 2.5 261 ø 80 ø -169 ø 41 
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TABLE 1. (continued) 

Origin 
Day 

Time, Latitude 

N 
Longitude Depth, Mug. 

w km Mr 
Focal Mechanisms Number of 

Ddir Dip Rake First Motions 

July 14, 1983 
Sept. 26, 1983 
Oct. 24, 1983 

Nov. 23, 1983 
Jan. 29, 1984 
Jan. 29, 1984 

March 21, 1984 
March 27, 1984 

April 3, 1984 
April 18, !984 
April 21, 1984 
May !!, 1984 
June 25, 1984 
luly 8, 1984 
July 8, 1984 
Oct. 3, 1984 
Oct. 6, 1984 

Oct. 15, 1984 
Oct. 18, !984 
Nov. 8, !984 

Nov. 27, 1984 
Dec. 15, ! 984 
Jan. 19, 1985 
Feb. 19, 1985 

March 4, 1985 
March 4, 1985 

March 15, 1985 
March !8, 1985 

May 4, 1985 
June 10, 1985 
Sept. 3, 1985 
Oct. 9, 1985 

Feb. 11, 1986 
Feb. 25, 1986 

March 3, 1986 
March 11, 1986 

May 13, 1986 
May 13, 1986 
June 26, 1986 
July 7, 1986 

luly 17, 1986 
July 31, 1986 
Aug. 21, 1986 
Oct. 14, 1986 
Oct. !4, 1986 
Oct. 15, 1986 
Jan. 13, 1987 
Feb. 6, 1987 

March 28, 1987 
May 10, 1987 
May 25, 1987 
July 2, 1987 

July 22, 1987 
Aug. 28, 1987 

Oct. 4, 1987 
Oct. 5, 1987 

Oct. 30, 1987 
Nov. 24, !987 

Dec. 1, 1987 
Feb. 5, 1988 
Feb. 7, 1988 

Feb. 19, 1988 
May 4, 1988 

May 18, I988 
June 20, 198 8 
June 26, 198 8 
Aug. 31, 1988 
Sept. 2, 1988 

Sept. 12, 1988 
Sept. 12, 1988 

Dec. 3, ! 988 
April 7, 1989 

1459 
0408 
2050 
1201 
2006 
2019 
2352 
0546 
0626 
13!9 
1158 

0426 
2248 

1141 

1309 
1249 
2001 
1744 
0057 
0943 
2237 
0515 
1608 
1726 
0339 
1151 
0503 
0743 
0817 
1250 
0258 

0629 
2230 
0852 

1318 
0512 
0116 
1635 

0539 
0913 
2136 
1916 
1143 
0149 
0759 
0546 
0803 
0532 
1928 
2008 
1816 
1854 
0559 
1922 
1059 
1355 
0445 
1252 
0703 

!33! 
0532 
1242 
!116 
1722 
1020 
!504 
1623 
1726 
!454 
1714 

1138 
2007 

Strike. Sl•o Faulting Earthquakes (continued) 
34006.35 ' 118ø16.16' 11.0 2.8 
33o54.83 ' 118o13.65 ' 11.9 2.7 
33ø55.47 ' 118ø28.63 ' 7.8 2.6 
34ø01.84 ' 118ø34.15 ' 8.1 2.5 
33042.66 ' 118ø03.51 ' 7.7 2.7 
33ø43.00 ' 118ø03.23 ' 7.8 2.7 
33038.94 ' 118ø23.14 ' 0.1 2.8 
34ø15.49 ' 118ø40.29 ' 8.9 2.6 
33ø52.38 ' 118ø15.29 ' 9.8 2.6 
33ø39.46 ' 118ø22.39 ' 4.5 3.1 
33ø38.52 ' 117o57.66 ' 8.0 3.0 
33ø59.77 ' 118ø10.58 ' 14.6 2.7 
34ø09.36 ' 117ø46.59 ' 6.1 2.7 
33ø42.46 ' 118o03.93 ' 8.6 3.0 
33042.05 ' 118003.88 ' 7.0 2.8 
33ø58.97 ' 118ø39.17 ' 13.2 3.3 
33ø46.81 ' 118044.59 ' 11.2 2.6 
33ø42.00 ' 118ø09.92 ' 8.6 3.7 
33ø55.5I ' 118ø01.14 ' 3.0 3.1 
33ø53.56 ' ! 18 ø15.63 ' 8.7 3.2 
34ø01.61 ' 117032.47 ' 4.0 2.5 
33053.06 ' 117049.72 ' 3.9 2.5 
33ø54.31 ' 118o28.32 ' 7.9 2.8 
33ø53.81 ' 118ø26.18 ' 7.4 2.8 
33ø38.57 ' 118ø35.02 ' 10.0 2.6 
33ø59.57 ' 118ø34.47 ' 9.8 3.2 
33o45.66 ' 118ø30.25 ' 4.9 2.6 
33ø59.36 ' 118ø34.56 ' 8.9 2.7 
33ø50.89 ' 118014.50 ' 9.8 2.6 
33ø41.85' 117ø23.58 ' 6.7 3.1 
34o02.96 ' 118ø22.31 ' 7.2 2.8 
34013.62 ' 118023.35 ' 9.8 2.7 
33ø39.34 ' 118000.32 ' 12.8 2.5 
33ø28.90 ' 118ø12.63 ' 5.9 2.5 
33ø45.12 ' 117031.74 ' 5.5 3.3 
34006.78 ' 117046.04 ' 4.6 2.6 
33o50.67 ' 118%4.35' 8.1 2.5 
33047.20 ' 118o17.75 ' 9.1 2.8 
33ø51.83 ' 118026.79 ' 11.5 3.4 
34o08.87 ' 1 !7ø44.59 ' 4.7 3.0 
33ø51.38 ' !17ø49.96 ' 5.2 2.5 
34o00.04 ' 118ø22.91 ' 4.5 2.8 
33ø27.85 ' 117ø49.12 ' 7.0 2.8 
33ø53.15 ' 118000.39 ' 2.4 2.7 
33ø53.!8 ' 118o00.40 ' 2.8 2.6 
34009.33 ' 118ø16.32 ' 3.9 2.5 
34002.29 ' 117ø38.39 ' 8.9 2.5 
34009.23 ' 117049.35 ' 14.5 2.6 
33058.29 ' 118ø19.61 ' 8.4 3.1 
34ø00.06 ' 117ø35.53 ' 4.6 2.8 
33ø51.74 ' 117053.29 ' 4.7 3.1 
33ø55.07 ' 118ø38.39 ' 12.8 2.8 
33ø54.I0 ' 117ø48.32 ' 3.5 2.6 
33038.66 ' 118ø33.62 ' 16.2 3.1 
34ø03.60 ' ! 18ø06.21 ' 13.2 5.3 
33o53.99 ' 118ø42.71 ' 14.7 2.5 
33ø26.59 ' 118ø08.97 ' 5.5 2.5 
33ø51.43' 118ø02.61' 8.0 2.5 
33ø37.80 ' 1!7ø55.28 ' 11.9 3.1 
33ø44.83 ' 118ø02.00 ' 9.5 2.6 
34014.74 ' 118o29.77 ' 11.7 2.5 
33ø52.43 ' 1 !8ø11.71' 17.4 2.7 
33ø55.84 ' 118017.48 ' 17.8 2.5 
33ø36.64 ' 118ø26.91' 8.1 2.6 
33ø41.45 ' !18ø13.47 ' 3.8 2.8 
34007.88 ' 117ø42.77 ' 6.0 4.6 
33ø26,96 ' 118ø01.36 ' 5.4 3.2 
33ø30.'63 ' 118ø04.29 ' !1.0 3.0 
33ø51,31 ' 118ø26.91 ' !!.0 2.5 
33ø5!.59 ' 1 !8ø26,76 ' 12.0 2.7 
34ø08.57 ' 118ø08.02 ' 15.5 5.0 
33ø37.90 ' 117ø55.87 ' 11.6 4.6 

56 ø 61 ø 162 ø 62 
85 ø 75 ø -180 ø 51 

220 ø 80 ø !54 ø 64 
71 ø 50 ø 167 ø 55 
85 ø 90 ø !70 ø 47 

271 ø 80 ø -169 ø 51 
75 ø 70 ø -170 ø 84 
70 ø 45 ø -140 ø 80 
60 ø 80 ø 180 ø 76 
90 ø 60 ø -140 ø 130 

227 ø 56 ø 143 ø 82 

296 ø 41 ø 15 ø 81 
303 ø 31 ø -19 ø 98 

58 ø 80* 169 ø 83 
57 o 80 ø !64 ø 79 

337 ø 56 ø 37 ø 123 
239 ø 80 ø 174 ø 82 
205 ø 30 ø 140 ø 119 

45 ø 90 ø !70 ø 99 
54 ø 70 ø !64 ø 88 

235 ø 90 ø 175 ø 90 
353 ø 50 ø 12 ø 80 
235 ø 70 ø 160 ø 122 

45 ø 33 ø 151 ø 98 
50 ø 90 ø -150 ø 53 
59 ø 48 ø 138 ø 107 
46 ø 31 o - 160 ø 83 
65 ø 60 ø -!60 ø 135 
61 ø 50 ø 167 ø 80 
24 ø 70 ø 164 ø 1 11 

235 ø 50 ø !60 ø 73 
230 ø 65 ø 150 ø !06 

64o 40 ø 172 ø 73 
61 ø 61 ø 162 ø 67 

336 ø 38 ø 43 ø 135 
257 ø 60 ø -174 ø 72 

80 ø 90 ø 180 ø 96 
48 ø 38 ø 137 ø 1.20 
50 ø 85 ø 160 ø 1.36 

320 ø 90 ø -5 ø 127 
300 ø 90 ø 0 ø 87 

41 ø 74 ø 138 ø 95 
63 ø 71 ø -153 ø 69 
45 ø 70 ø -150 ø 86 
35 ø 80 ø -160 ø 89 

234 ø 80 ø 174 ø 79 
105 ø 35 ø -30 ø 67 
357 ø 71 ø -21 ø 96 

38 ø 73 ø 143 ø 42 
240 ø 90 ø 175 ø 99 
200 ø 80 ø 170 ø 94 

30 ø 70 ø 180 ø 95 
300 ø 90 o 0 o 99 

70 ø 50 ø - ! 80 ø 101 
240 ø 70 ø 140 ø 164 

75 ø 60 ø 180 ø 81 
4 ø 72 ø -31 ø 75 

243 ø 74 ø -138 ø 83 
48 ø 73 ø 143 ø 57 

255 ø 80 ø -174 ø 90 
50 ø 54 ø 148 ø 89 

105 ø 40 ø -160 ø 98 
331 ø 41 ø 15 ø 105 

75 ø 75 ø -160 ø 72 
65 ø 50 ø !73 ø 1 11 

292 ø 42 ø -22 ø 162 
70 ø 70 ø -150 ø 95 
19 ø 50 ø 6 o 89 

205 ø 30 ø -180 ø 61 
238 ø 61 ø -162 ø 75 
335 ø 70 ø 0 ø 148 

40 ø 90 ø 160 ø 126 
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TABLE 1. (continued) 

Origin 
Day 

Time, Latitude Longitude Depth, Mag. 
W km Mi, 

Focal Mechanisms Number of 
Ddir Dip Rake First Motions 

Sept. 14, ! 977 
Oct. 16, 1977 
Oct. 24, 1977 
Dec. 27, 1977 

March 8, ! 978 
March 14, 1978 
April 26, 1978 

May 1, 1978 
June 4, 1978 

Dec. 13, 1978 
Jan. 1, 1979 

April 2, 1979 
April 19, 1979 
June 1i, 1979 
June 20, 1979 
Aug. 13, 1979 
OCt. 17, I979 
Dec. 18, 1979 
April 1, 1980 

April 12, 1980 
May 25, 1982 
May 25, 1982 
May 26, 1982 
Aug. 27, 198 2 
Sept. 7, 1982 

Sept. 11, !982 
Sept. 17, 1982 
Oct. 11, 1983 
Feb. 27, 1984 

March 24, 1984 
May 8, 1984 

Aug. 26, 1984 
Sept. 12, 1984 
Oct. 22, 1984 
Dec. 14, 1984 
Feb. 14, 1985 

March 9, 1985 
Sept. 26, 1985 
Dec. 19, 1985 

March 9, 1986 
March 19, 1986 
March !9, 1986 
March 20, 1986 
March 24, ! 986 

April 5, 1986 
April 5, 1986 
May 13, 1986 
May 19, 1986 
May 20, 1986 
July 11, 1986 
July 14, 1986 
July 23, 1986 
July 30, 1986 
Aug. 24, 1986 
Sept. 5, !986 
Oct. 6, 1986 
Oct. 14, 1986 
May 5, 1987 
June 8, 1987 
July 8, 1987 
July 8, 1987 
luly 9, ! 987 

Aug. 19, 1987 
Oct. 1, 1987 
Oct. 5, 1987 

Oct. 17, 1987 
March 26, 1988 
April 12, 1988 
April 13, 1988 
April 26, 1988 

2135 
1702 

1936 
0607 
1449 
2359 
0608 
1824 
0357 
0952 
2314 
2128 
1422 

1810 
0530 
0816 
2052 
0318 
0402 
233! 
I344 
1435 
0405 
0425 
2258 
1355 
1057 
1448 
1018 
1440 
2216 
1512 
0413 
2212 
2128 
2322 
0955 
0125 
1303 
2241 
0247 

1938 
0649 
0514 
0650 
1238 
1155 
0412 
071I 
1625 

0024 
1936 
0114 
1633 
0604 
1156 
0240 
1429 
1229 
!655 
I857 
0042 
0940 
1442 
1437 
0925 
1454 
1210 
0209 
1726 

33ø52.82 ' 
33o45.14 ' 
33o32.98 ' 
33ø54.31 ' 
33ø49.34 ' 
34ø00.07 ' 
33ø56.29 ' 
33ø56.84 ' 
33ø55.21 ' 
33ø35.44 ' 
33ø57.05 ' 
33ø41.92 ' 
34ø00.72 ' 
33ø50.38 ' 
33ø59.62 ' 
33ø54.83 ' 
33ø55.84 ' 
33o56.68 ' 
34ø00.52 ' 
34ø03.12 ' 
33o33.44 ' 
33ø32.4I ' 
33033.40 ' 
33055.80 ' 
34ø15.11 ' 
33ø48.33 ' 
33055.59 ' 
33ø53.01 ' 
33028.65 ' 
34o07.44 ' 
33033.70 ' 
33ø47.23 ' 
33ø52.32 ' 
33ø41.91 ' 
33ø52.91 ' 
33ø41.94 ' 
33ø48.38 ' 
33ø56.65 ' 
34o02.18 ' 
34ø06.84 ' 
33'44.14' 

34ø05.!9 ' 
33ø46.94 ' 
33ø47.21 ' 
33ø44.05 ' 
33ø59.48 ' 
33ø47.37 ' 
33'53.48' 
33'56.39' 
33ø59.55 ' 
33%8.90' 
33ø51.16 ' 
34ø00.02 ' 
34ø06.77 ' 
33ø59.27 ' 
33ø35.95 ' 
33o51.40 ' 
33ø46.85 ' 
33o46.46 ' 
33ø41.37 ' 
33ø41.!2 ' 
33ø41.34 ' 
33ø35.59 ' 
34ø02.96 ' 
33ø53.86 ' 
33ø59.32 ' 
33ø59.38 ' 
33ø59.93 ' 
33ø43.!7 ' 
33ø33.94 ' 

Thrust Faulting Earthquakes 
117ø49.51 ' 2.0 2.9 
117ø42.51' 7.6 2.6 
118ø14.53 ' 5.6 2.8 
118ø32.80 ' 8.9 2.7 
117ø53.43 ' 5.7 3.0 
118ø40.44 ' 13.6 3.1 
118o20.49 ' 7.5 2.8 
118o44.20 ' 12.9 2.5 
117ø50.32 ' 12.4 3.7 
118 ø02.04' 7.0 2.6 
118o40.35 ' 12.1 5.0 
118ø11.78 ' 5.4 2.6 
118ø10.37 ' 13.6 '2.5 
118ø32.35 ' 11.0 2.6 
118ø21.23 ' 6.9 3.0 
118ø29.82 ' 8.0 2.5 
118ø39.25 ' 12.8 4.2 
118039.39 ' 11.8 2.8 
118ø39.74 ' 14.0 2.8 
118'43.03' 11.0 2.9 
118ø12.21 ' 10.9 4.4 
118o11.83 ' 5.5 2.9 
1 !8ø12.22 ' 11.2 3.0 
117ø48.84 ' 12.3 3.1 
117ø56.86 ' 12.2 2.5 
118ø14.54 ' 4.6 2.6 
118018.59 ' 15.1 3.3 
117ø50.02 ' 5.7 2.6 
118ø03.84 ' 9.3 4.0 
I18ø32.73 ' 14.9 2.6 
118ø14.73 ' 11.2 3.2 
118ø30.48 ' 8.2 2.7 
117ø56.57 ' 10.9 2.7 
118o09.44 ' 8.0 2.7 
117ø49.80 ' 6.8 3.1 
118ø09.75 ' 9.8 3.3 
118%1.51' 9.8 2.6 
118%5.44' !0.3 2.5 
118ø28.55 ' 14.0 2.8 
117ø46.23 ' 5.6 3.5 
118023.49 ' 4.7 2.7 
118ø25.14 ' 8.8 2.5 
118ø18.42 ' 12.4 3.3 
118ø18.11 ' 10.0 2.8 
118ø00.74 ' 4.0 3.9 
118ø43.28 ' 12.4 2.7 
118ø17.84 ' 9.0 2.8 
118 ø23.44' 11.9 3.1 
118%9.54' 12.4 2.8 
118o41.95 ' I1.6 2.6 
117ø32.16 ' 4.0 2.7 
118ø29.42 ' 83 2.8 
118ø22.91 ' 4.5 2.8 
117ø45.76 ' 5.1 2.6 
118ø32.92 ' 4.6 2.5 
117051.89 ' 13.4 2.5 
118'33.66' 8.0 2.5 
117ø33.48 ' 5.5 2.7 
118ø10.94 ' 12.8 3.2 
118ø13.91 ' 7.9 3.6 
118ø14.01 ' 4.7 2.8 
1!8ø14.13 ' 8.8 3.3 
118ø00.10 ' 5.8 3.0 
118ø04.86 ' 14.6 5.9 
118o42.67 ' 14.8 2.7 
118041.24 ' 9.0 2.7 
118ø42.05 ' 13.1 3.7 
118ø10.61 ' 14.4 2.7 
118ø44.56 ' 9.4 2.8 
118016.99 ' 10.0 2.5 

357 ø 61 ø 78 ø 49 
200 ø 5 ø 170 ø 35 
255 ø 65 ø 110 ø 36 

14 ø 51' 47 ø 75 
52 ø 39 ø 63 ø 82 

3 ø 35' 59 ø 28 
320 ø 45 ø 90 ø 59 
320 ø 41 ø 49 o 37 
327 ø 54 ø 52 ø 81 
235 ø 60 ø 60 ø 72 

20 ø 52 ø 106 ø 80 
225 ø 80 ø 130 ø 67 

7 ø 50 ø 98 o 53 
100 ø 90 ø 50 ø 67 
342 ø 26 ø 110 ø 69 

24 ø 31 ø 106 ø 52 
29 ø 41 o 78 ø 94 
20 ø 31 ø 73 ø 89 
34 ø 41 o 130 ø 31 
37 ø 39 ø 116 ø 16 

230 ø 50 ø 100 ø 121 
125 ø 90 ø 90 ø 81 
205 ø 55 ø 90 ø 81 

20 ø 35 ø 90 ø 92 
140 ø 10 ø -180 ø 56 
200 ø 35 ø !00 ø 71 

45 ø 40 ø 90 ø 72 
333 ø 27 ø 46 ø 71 
230 ø 45 ø 90 ø 119 
300 ø 57 ø 57 ø 75 
225 ø 15 ø 60 ø 99 

20 ø 41 ø 49 o 82 
19 ø 43 ø 112 ø 90 

135 ø 20 ø 130 ø 78 
357 ø 48 ø 108 ø 105 
235 ø 85 ø 130 ø 120 
347 ø 39 ø 63 ø 90 

42 ø 48 ø 108 ø 108 
56 ø 45 ø 80 ø 120 

343 ø 27 ø 46 ø 123 
324 ø 51 ø 47 ø 110 
315 ø 10 ø 00 78 

11 ø 45 ø 80 ø 137 
52 ø 36 ø 103 ø 102 

235 o 50 ø 110 ø 149 
354 ø 51 ø 47 ø !21 

22 ø 39 ø 116 ø 74 
2 ø 36 ø 76 ø 121 

30 ø 45 ø 90 ø 110 
14 ø 43 ø 112 ø 72 

350 ø 40 ø 90 ø 108 
22 ø 39 ø 1!6 ø 80 
39 ø 67 ø 135 ø 95 

9 o 52 ø 116 ø 98 
4 ø 57 ø 122 ø 98 

180 ø 60 ø 60 ø 83 
5 ø 20 o 90 o 80 

56 ø 27 ø 133 ø 83 
205 ø 35 ø 90 ø 107 
175 ø 50 ø 60 ø 118 
190 ø 50 ø 70 ø 85 
175 ø 50 ø 100 ø 120 
245 ø 50 ø 100 ø 100 

0 o 25ø 90 o 159 
57 ø 36 ø 103 ø 104 

355' 43 ø 67 ø 104 
27 ø 55 ø 83 ø 127 

5 ø 40 ø 90 o 100 
335 ø 40 ø 90 ø 94 
210 o 20 o 0 o 61 
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TABLE 1. (continued) 

Origin Time, Latitude 
Day LIT N 

Longitude Depth, Mag. Focal Mechanisms Number of 
W km 'ML Ddir Dip Rake First Motions 

Thrust Faulting Earthquakes (continued) 

3une 9, 1988 1723 34ø01.17 ' 118ø13.66 ' 4.5 2.6 15 ø 51'' 132 ø 109 
Sept. 2, !988 1748 33ø30.19 ' 118"04.46' 11.0 2.5 225 ø 70`' 100 ø 32 
Sept. 9, 1988 0452 33`'58.46' 118''45.73' 12.5 2.5 358`' 20 ø 14 ø 55 

Sept. 12, 1988 1324 33051.42 ' 118ø26.12 ' 12.3 3.9 22`' 56 ø 112 ø 118 
Nov. 20, 1988 0539 33`'30.44' 118ø04.46 ' 11.7 4.5 220 ø 45 ø 90 ø 121 
Jan. 19, 1989 0653 33`'55.04' 118037.37 ' 13.8 5.0 19 ø 45 ø 99 ø 139 
June 12, 1989 1657 33ø59.77 ' 118ø10.71 ' 14.9 4.4 340 ø 41 ø 78 ø 70 
June 12, 1989 1722 33ø59.82 ' 118010.33 ' 15.1 4.1 346 ø 31 ø 73 ø 108 

Normal Faulting Earthq• 

Jan. 24, 1977 1135 33ø53.03 ' 118ø11.64 ' 10.4 2.7 110 ø 50 ø -80 ø 60 
June 29, 1977 1358 33`'35.08' 117ø38.04 ' 5.5 2.8 235 ø 41 ø -130 ø 48 
July 9, 1977 2022 33028.07 ' 118"01.86' 6.5 2.5 110 ø 40" -110 ø 46 
Aug. 3, 1977 2208 33ø49.86 ' 118ø08.56 ' 7.1 2.5 135'' 40 ø -70 ø 54 

Sept. 26, 1977 0835 33ø32.52 ' 118''13.93' 9.4 2.7 180 ø 70 ø -60 ø 53 
Oct. 10, 1977 1238 33ø36.45 ' 118ø04.30 ' 8.8 3.0 31 ø 45 ø -99 ø 78 

March 13, 1978 1638 33ø55.40 ' 117059.23 ' 3.8 3.3 287 ø 39 ø -63 ø 58 
Oct. 30, 1978 0740 33o38.09 ' 118ø24.14 ' 17.7 2.5 285 ø 5 ø -60 ø 56 
Dex:. 9, 1978 2301 33ø29.14 ' 118ø16.88 ' 11.8 2.6 150 ø 50 ø -110 ø 58 

Dec. 31, 1979 0603 33ø39.32 ' 117054.90 ' 8.7 2.7 90 ø 50 ø -130 ø 63 
April 14, 1980 1153 33ø50.19 ' 118ø25.83 ' 9.1 2.5 277 ø 48 ø -71 ø 44 

July 29, 1981 2339 33o48.00 ' 118o42.75 ' 9.6 3.9 235 ø 5 ø -70 ø 108 
Aug. 12, 1981 2258 34ø07.54 ' 118ø36.49 ' 3.3 2.7 129 ø 67 ø -69 ø 67 
Oct. 27, 1982 1021 33ø52.75 ' 118011.92 ' 8.8 2.9 80 ø 55 ø -120 ø 75 

Nov. 27, 1982 1752 33ø33.21 ' 118ø12.39 ' 5.8 3.1 230 ø 0 ø -89 ø 87 
Oct. 16, 1984 1749 33o41.79 ' 118010.04 ' 7.7 3.1 260 ø 5 ø -50 ø 96 
Feb. 8, 1987 2008 33ø55.05 ' 118ø16.80 ' 13.6 2.5 95 ø 40 ø -130 ø 75 

Feb. 20, 1987 0033 33o45.84 ' 118042.82 ' 11.5 2.5 235 ø 45 ø -130 ø 41 
May 29, 1987 1516 33o41.53 ' 118ø09.48 ' 4.5 3.1 33 ø 66 ø -99 ø 103 
June 5, 1987 0325 33ø27.97 ' 118ø15.61 ' 7.5 2.6 85 ø 45 ø -130 ø 78 
July 7, 1987 2107 33ø49.77 ' 118ø09.91 ' 6.8 3.2 90 ø 50 ø -110 ø 50 

Dec. 17, 1988 2346 33ø41.45 ' 118ø07.00 ' 4.2 3.2 8 ø 78 ø -56 ø 130 

TABLE 2. Significant Earthquakes in the Greater Los Angeles Basin and Adjacent Offshore Regions 

Date Earthquake ML Refer ence 

June 21, 1920 Inglewood 4.9 
Aug. 30, 1930 Santa Monica Bay 5.2 
March 10, 1933 Long Beach 6.3 
May 31, 1938 Elsinore Fault 5.5 
Oct. 22, 1941 Gardena 4.9 
Nov. 14, 1941 Torrance-Gardena 5.4 
Sept. 12, 1970 Lytle Creek 5.4 
Feb. 9, 1971 San Fernando 6.4 
Feb. 21, 1973 Point Mugu 5.9 
Jan. 1, 1979 Malibu 5.0 
Sept. 4, 1981 Santa Barbara Island 5.3 
Oct. 1, 1987 Whittier Narrows 5.9 
Dec. 3, 1988 Pasadena 4.9 
Jan. 19, 1989 Malibu 5.0 

Taber [19201 
Gutenberg eta/. [ 1932] 
Wood [1933] 
Hileman et al. [1973] 
Richter [1958] 
Richter [i958] 
Jones [1984] 
Whitcomb et al. [1973] 
Stierman and Ellsworth [1972] 
Hauksson and Saldivar [1986] 
Corbett [1984] 
Hauksson et al. [1988] 
Jones et al. [1990] 
E. Hauksson [manuscript in preparation, 1990] 

(ML=4.9) Pasadena earthquake showed left-lateral 
movement on the Raymond fault [Jones et al., 1990]. 
Farther to the northwest, three fight-lateral strike-slip 
events have occurred along the northwest striking surface 
trace of the Verdugo fault. Similar to the Pasadena 
earthquake, the 1988 (ML=4.6) Upland sequence showed 
mostly left-lateral strike-slip faulting, on the northeast 
striking San Jose fault (Fig• 10). The San Jose fault 
thus may provide for a left step in the frontal fault system. 

The mappable surficial late Quaternary faults and the 144 
strike-slip faulting events of M>_2.5 show that strike-slip 
faulting is a significant mode of deformation in the Los 
Angeles basin. The strike-slip faults appear to 
accommodate lateral movements of crustal blocks. 

Thrift Faulting 
As can be seen in Figure 11, the thrust focal 

mechanisms are not located adjacent to the north dipping 
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Fig. 6. (a) Significant earthquakes of M_>4.9 that have occurred in the greater Los Angeles basin area since 
!920. Aftershock zones are shaded with cross hatching. Dotted areas indicate surface rupture, including the 
rupture of the 1857 earthquake along the San Andreas fault. (b) Single-event lower hemisphere focal 
mechanisms of the M_>4.9 events in the greater Los Angeles basin. Focal mechanisms are from Woodward- 
Clyde Consultants [1979], Jones [1984], Whircomb et al. [!973], Stierrnan and Ellsworth [1976], Corbett 
[1984], Hauksson and Saldivar [1986], Hauksson and Jones [1989], and Jones et al. [1990]. 

surficial reverse faults, such as the Santa Monica and Sierra 
Madre faults that define the north edge of the sedimentary 
basin. Instead the thrust or reverse focal mechanisms are, 
in general, south of these reverse faults, forming broad 
clusters along the flanks of the basin. This coincides with 
most of the folding of the basin sediments (Figure 9b). 
This spatial coincidence of the folding and thrust faulting 
can be explained with fault-bend or fault-propagation 
folding models [e.g., Suppe, 1985], where the thrust 
faulting earthquakes at depth cause folding of the cover 

sequence. This was demonstrated by the coseismic uplift 
of sediment in the 1987 Whittier Narrows earthquake [Lin 
and Stein, 1989; Davis et al., 1989]. Thus, combining the 
geological evidence for folding and the seismological 
evidence for thrust faulting, two fold and thrust belts can be 
identified along the flanks of the basin (Figure I 1). These 
belts are called here the Elysian Park and the Torrance- 
Wilmington fold and thrust belts and are 1ocatexl along the 
east and north and southwest flanks of the basin, 
respectively. 
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Fig. 7. (a)The b value from the Gutenberg-Richter relationship for the 244 events of M>2.5 from 1977 to 
1989. The number of events included in the b value determination and magnitude range are also shown. The 
three lines are the best fit, the best fit minus one standard deviation in the b value, and the best fit plus one 
standard deviation in the b value. (b) The b value for only the thrust faulting events. (c) The b value for only 
the strike-slip faulting events. (d) The b value for only the normal faulting events. 

Within the eastern part of the Elysian Park fold and 
thrust belt the thrust faulting focal mechanisms form a 
zone dipping 25ø-35 ø north (Figure !2). It is not po•sib!e 
to tell, based on hypocentral depth distribution and focal 
mechanisms alone, if this zone consists of one continuous 
fault or many small abutting or overlapping faults. This 
zone of thrust faulting is closest to the surface at 4-6 km 
depth, near Yorba Linda. The southernmost mapped thrust 
fault along the eastern flank of the Los Angeles basin, the 
Peralta Hills thrust fault is located in this area, 5 km south 
of Yorba Linda [Bryant and Fife, 1982]. The presence of 

both the shallow thrust events and the surface exposure of 
the Peralta Hills thrust fault near Yorba Linda suggest that 
in rare cases the concealed thrusts can cause surface 
ruptures. Recently Wright [1990] has suggested 
independently that the Peralta Hills thrust may be 
associated with the Elysian Park thrust zone. 

The largest earthquake in this data set is the 1987 
(ML=5.9) Whittier Narrows earthquake that ruptured a 5- 
km-long segment of the Elysian Park fold and thrust belt. 
The Elysian Park fold and thrust belt extends to the west of 
the Whittier NmTOWS, beneath downtown Los Angeles, and 



15,380 HAUKSSON: Los ANGELES BASIN 

1977 - 1989 Focal Mechanisms M•,2.5 

MAGNITUDI•S 

0 2.5+ 

$.0+ 

3.5+ 

•..o+ 

4.5+ 

5.0+ 

5.5+ 

Fig. 8. The 244 single-event lower hemisphere focal mechanisms determined for earthquakes from 1977 to 
1989 of M>2.5. The solid nodal plane in each mechanism is the one chosen for stress inversions, while the 
dashed nodal plane is the auxiliary plane. 

continues into Santa Monica Bay, where it is found at a 
depth of 10-15 km (Figure 11). It may be offset or 
segmented by the northern end of the Newport-Inglewood 
fault, because the maximum focal depths to the east of the 
intersection of the two faults are 3-4 km deeper than to the 
west (Figure 12). 

The Elysian Park fold and thrust belt is cross cut by 
several strike-slip faults. The most prominent of these 
strike-slip faults is the Whittier fault that has had up to 30 
km of right-lateral slip since 9-4 Ma [Lamar, 1990]. The 
vertical offset on it is more difficult to quantify but is 
much less and averages about 1.0-1.5 km [Wright, 1990]. 
The Elysian Park thrust zone has moved 5.5-21 km since 
4.0-2.2 Ma [Davis et al., 1989]. Because it is difficult to 
analyze the coexistence of these two systems of faulting in 
the same area, previous investigators have simply stated 
that the strike-slip faulting was primary [e.g., Wilcox et 
al., 1973; Lamar, 1990], or that the thrusting was primary 
[e.g., Davis et al., 1989]. The evidence presented in this 
paper suggests that both strike-slip and thrust faulting are 
active simultaneously. 

The Torrance-Wilmington fold and thrust belt is outlined 
by fold axes and thrust focal mechanisms extending from 
offshore Newport Beach, across the Palos Verdes Peninsula 
into Santa Monica Bay along the southwest flank of the 
basin (Figure 11). The three cross sections in Figure 13 
show that the depth distribution of thrust faulting events 
within this fold and thrust belt is more complex than 
within the Elysian Park fold and thrust belt. The cross 
section C-C' shows a zone of thrust faulting dipping north 
300-40 ø, while the cross sections D-D' and E-E' show a 
steeply dipping zone beneath the Palos Verdes fault trace 
and a zone in the San Pedro Bay dipping southwest 20 ø- 
30 ø . 

In Santa Monica Bay the two thrust belts merge into a 
north dipping imbricate thrust zone. The Elysian Park 
thrust zone is on the north side, beneath the Malibu shelf. 
On the south side, the north dipping thrust zone of the 
Torrance-Wilmington belt changes strike from northwest to 
west as it merges with the Elysian Park zone. The Shelf 
Projection anticline in Santa Monica Bay is probably a 
surface expression of this imbricate thrust zone [Hauksson 
and Salch'var, 1989]. 

The Palos Verdes fault coincides with the Torrance- 

Wilmington fold and thrust belt along most of its length 
(Figure 9) and has been either interpreted to be a right- 
lateral strike-slip fault or an oblique steeply dipping reverse 
fault [e.g., Ziony and Yerkes, 1985; Davis et al., 1989]. 
Although numerous efforts have been made to find 
horizontal surficial offsets on the Palos Verdes fault, no 
clear evidence has been found [Darrow and Fischer, 1983]. 
Vertical offsets have been documented from uplifted shore 
terraces and show a vertical slip rate of 0.1-0.4 mm/yr 
[Darrow and Fischer, 1983]. Davis et al. [1989] assumed 
negligible lateral motion since 2-4 Ma on the Palos Verdes 
fault and modeled a concealed thrust fault beneath Palos 
Vexdes with a slip rate of 1.9-3.5 mm/yr. In this study, 
strike-slip events have only been found near the Palos 
Vexdes fault as it heads offshore, both in San Pedro Bay and 
in Santa Monica Bay. Because almost no evidence for 
strike-slip motion has been found (Figure 10) and the 
vertical motion appears to be small, the Palos Vexdes fault 
thus appears to accommodate little of the total convergence 
in the southwest flank of the basin. Alternatively, 
moderate-sized or large earthquakes on the Palos Vetdes 
fault may rarely rupture up to the surface. 

Because most faults in the study area are either north or 
northeast dipping, the south dipping thrust in San Pedro 
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Fig. 9. (a) Late Quaternary faults in the Los Angeles basin [Ziony and Jones, 1989]. Shown as solid lines 
where the surface trace has been mapped and as dashed lines where inferred. SFV, San Fernando Valley; SMDF, 
Sierra Madre fault; SGV, San Gabriel Valley; LA Basin, Los Angeles basin; NIF, Newport-Inglewood fault; 
PVF, Palos Verdes fault; SMB, Santa Monica Bay; MF, Malibu fault; HF, Hollywood fault; RF, Raymond fault; 
CF, Chino fault; EF, Elsinore fault; NF, Norwalk fault; PHT, Peralta hills thrust fault; and VF, Verdugo fault. 
(b) Late Quaternary fold axes in the Los Angeles basin [Yerkes, 1965; Wright, 1987; Harding and Tuminas, 
1988; Davis eta/., 1989]. SMMA, Santa Monica Mountains Anticline; RH, Raymond Hill; SJH, San Jose 
Hills; CH, Chino Hills; AN, Anaheim Nose; PJR, Playa-del Ray; TA, Torrance anticline; WA, Wilmington 
anticline; BA, Beta anticline; SPS, San Pedro Shelf; MS, Malibu Shelf; SMB, Santa Monica Bay; SP, Shelf 
Projection in Santa Monica Bay. 
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thrust belts are shaded. Breaks in the shading are at segment boundaries. RF, Raymond fault; SMDF, Sierra 
Madre fault; SMF, Santa Monica fault; and PHT, Peralta Hills thrust. 
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Bay is unexpected and requires a •ial explanation. One 
possible explanation for this zone of thrusting, which has 
two ML--4.0 and 4.5 events near its downdip end, could be 
a back thrust, which often appears at the later stages of 
thrust faulting (J. Suppe, personal communication, 1989). 
Usually a set of thrust faults is configured such that on a 
regional scale the upper block is overriding the lower 
block, while often a conjugate set of thrust faults, called 
back thrusts, may develop. in San Pedro Bay, this implies 
a deeper east or northeast dipping thrust fault, which would 
be the primary member of the conjugate set. 

To evaluate the earthquake potential of these thrust 
zones, some constraints on their widths are needed. 
Moderate-sized earthquakes in most cases nucleate near the 
bottom of a fault zone, although large or great earthquakes 

can rupture down into the semibrittle region [Scholz, 
1988]. The 1987 Whittier Narrows earthquake was located 
near the downdip end of the Elysian Park thrust belt. 
Similarly, the 1979 and 1989 Malibu earthquakes, which 
are the largest events to occur in Santa Monica Bay since 
1932, axe located near the downdip end of the Torrance- 
Wilmington thrust belt. The most shallow thrust events 
occur in the depth range of 4-6 km. Thus the thrust zones 
extend from shallow depths of 4-6 km down to depths of 
14-16 km. If a 30 ø dip is assumed the width range is 20-24 
km, 30-50% wider than the seismogenic width of most 
strike-slip faults in southern California. 

Davis et al. [1989] proposed that most of the thrust 
faulting in the basin, including the Whittier Narrows 
earthquake, occurs on crustal ramps that form structural and 
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topographic highs on a regional subhorizontal, detachment 
surface. The complex distribution of thrust faulting 
earthquakes beneath the flanks of the basin reported here is 
not obviously compatible with such a model. For 
instance, the dipping zone of thrust faulting seen in the 
cross section in Figure 12b extending from 16 to 4 km 
depth, is too steep to be the detachment itself and too long 
to be a simple crustal romp. Although a subhorizontal 
regional detachment surface without crustal ramps may 
exist beneath the deep basin and the flanks, existing 
dipping fault zones within the flanks appear to 

accommodate most of the brittle-elastic compressional 
deformation. 

Normal Faulting 
Normal faulting is observed in 9% of the earthquakes 

analyzed, a small fraction of the ongoing faulting (Table 
1). The normal faulting events all have small magnitudes 
with the largest event of ML=3.9. The normal faulting 
mechanisms in Figure 14 are distributed adjacent to the 
Newport-Inglewood fault and offshore in the San Pedro 
Bay. The offshore events may be less well constrained 
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Fig. 14. (Top) Map of fold axes and normal faulting focal mechanisms. (Bottom) an east trending depth 
section A-A'. NIF, Newport-Inglewood fault, and SPB, San Pedro Bay. 

than the onshore events because the distance to the nearest 
station is in some cases larger than one focal depth. The 
normal faulting may be associated with extensional 
bending moments that can cause extensional faulting 
during the growth of anticlines [e.g., Ramsey and Huber, 
1987]. Alternatively, the normal faulting events with 
nodal planes trending northwest to north-northwest could 
be related to faulting on planes orthogonal to the axes of 
anticlines. Because the anticlines usually plunge at the 
ends to maintain continuity with the unfolded beds, normal 
faulting could occur to accommodate this deformation as is 
often seen in seismic reflection profiles (J. Suppe personal 
communication, 1989). 

If the lower crust beneath the Los Angeles basin was 
still subsiding, the normal focal mechanisms could be 
expected to be deep events associated with this 
downfaulting of the lower crust. This is not observed in 
the cross section in Figure 14. Instead, the foci of the 
normal faulting earthquakes are shallow and appear to be 
associated with geological processes in the upper crust such 
as growth of folds or sediment loading of the shallow crust. 

In summary, active faulting in the Los Angeles basin 
includes strike-slip, thrust, and a few cases of normal 
faulting. The coexistence of strike-slip and thrust faulting 

suggests that crustal thickening and lateral movement of 
crustal blocks are both important mechanisms for 
accommodating crustal shortening within the basin. The 
normal faulting is secondary and appears to accommodate 
local geometrical adjustments within compressional 
geologic structures. 

STATE OF STRESS 

The seismicity, active faulting, and folding in the Los 
Angeles basin are driven by a regional tectonic stress field. 
In Figure 15, the P and T axes from the 244 focal 
mechanisms are shown along with six P axes determined 
from borehole breakouts by Mount [1989]. Close 
correspondence between the two data sets is shown in the 
consistent local variations in the orientations of the P axes. 
For instance, at the northern end of the Newport-Inglewood 
fault both the thrust focal mechanisms and the borehole 
breakout data show northeast to east-northeast trending P 
axes. This suggests that the trends of the principal stress 
axes do not change significantly with depth and that 
borehole breakouts in the Los Angeles basin although 
taken from shallow depth are representative of the tectonic 
stress field. 
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Fig. 15. Map showing P and T axes from the 244 focal mechanisms. Six P axes from borehole breakouts 
determined by Mount [1989] are shown as open arrows. The 7 km depth contour of the LA basin is shown for 
reference. 

The P axes show some spatial variations in orientation 
with mostly northerly trending azimuths along the north 
and eastern sides of the basin but more northeasterly 
azimuths in the southwest. A similar variation can be seen 

in the azimuths of fold axes (Figure 16). The fold axes 
were grouped into three sets of sliding windows along 
latitudes 33o42 ', 33ø52 ', and 34o02 '. These overlapping 
windows, with a constant radius of 23 kin, are spaced 23 
and 22 km apart in longitudinal and latitudinal direction, 
respectively. Azimuths of fold axes within these windows 
plotted in rose diagrams show how fold axes in the north 
and the eastern parts of the basin have azimuths that differ 
about 30o-40 ø from azimuths of fold axes in the 
southwestern part of the basin. 

The P and T axes or fold axes alone, however, do not 
adequately represent the local stress field, because the trend 
of the P axes can differ from the maximum principal stress 
by 45 ø [McKenzie, 1969]. To determine the average 
deviatoric stress field in the Los Angeles basin, the data set 
of focal mechanisms was inverted for the orientations of 
the principal stresses and their relative magnitude. 
Furthermore, to determine spatial variations in the 
deviatoric stress field across the basin the data set was 
divided up into 15 spatial groups and each group was 
'roverted separately. 

The Whole Data Set 

The stereonet plots in Figure 17 show the data and the 
directions of the maximum principal stresses with 95% 
confidence limits obtained from the inversion (see also 
Table 3). As discussed earlier these stresses were calculated 
by selecting one of the two nodal planes from each focal 
mechanism as the actual fault plane. The 95% confidence 
limits were calculated assuming that 30% of the planes 
were picked incorrectly. The average stress state in the Los 

Angeles basin has a maximum horizontal principal stress 
with an azimuth of 13ø+_3 ø and a vertical intermediate stress 
axis. The value of 0=0.22 shows that the relative 
magnitudes of the three principal stresses axe all different, 
with S2-$3 smaller than S1-S3 indicating a small but 
significant thrust faulting component. This stress state 
reflects the coexistence of strike-slip and thrust faulting 
regime in the basin. This is also consistent with the 
prominent late Quaternary strike-slip faults and the strike- 
slip faulting observed for more than half of the focal 
mechanisms. This stress state is also consistent with 

previous results obtained for the Newport-Inglewood fault 
[Hauksson, 1987], Santa Monica Bay [Hauksson and 
Saldivar, 1989], and San Fernando aftershocks [Gephart and 
Forsyth, 1984]. This stress state also fits within the 
average stress trajectories of central and southern Califomia 
determined from borehole breakouts by Mount [1989]. 

Spatial Stress Variations 
To determine the spatial distribution of stress within the 

Los Angeles basin, the slip vectors from the 244 focal 
mechanisms were grouped into three sets of sliding 
windows, like the fold axes, along latitudes 33ø42 ', 33ø52 ', 
and 34ø02 '. These overlapping windows, with a constant 
radius of 23 km, are spaced 23 and 22 km apart in 
longitudinal and latitudinal direction, respectively. The 
overlapping windows provide increased stability of the 
stress inversion and some smoothing of the stress field. 
The stereonet projections of the selected planes and slip 
vectors for each window are shown in Figure 18. Each 
projection is ploUed at the origin of the circle of 23 km 
radius that was used to select data for the inversion. The 
orientations of the maximum principal stress axes and the 
associated 95% confidence limits determined assuming 30% 
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of the planes were picked incorrectly are shown for the 15 
data sets in Figure 19 and listed in Table 3. The large 
misfit angles from the stress inversions for events in the 
southwestern part of the basin (Table 3) are caused mostly 
by the normal faulting mechanisms. This suggests that 
the normal faulting mechanisms are caused by localized 
spatial variations in the stress field and further supports the 
interpretation that the normal faulting reflects local 
geometric readjustments. 

The state of stress varies significantly across the Los 
Angeles basin. The most important spatial variation in the 
state of stress is the variation from N 1 øW to N31 øE in the 
trend of the maximum principal stress. The east side of the 
basin has a nearly north trending maximum principal 
sn:ess. From east to west, along the northern edge of the 
basin the principal stress rotates to the east from 0 ø to 13 ø. 
This is also consistent with the orientation of the fold axes 
along the northern flank. 

The 32 ø variation in azimuth of the maximum principal 
stress, from a north trending axis to a northeast trending 
axis, occurs between the northeast basin and the southern 
segment of the Newport-Inglewood fault and the San Pedro 
Bay. This deviation is statistically significant because the 
95% confidence limits do not overlap, and it shows that a 
different stress state exists in the southwest part of the Los 
Angeles basin. Fold axes in San Pedro Bay have a more 
northwesterly trend than observed elsewhere in the Los 

Fig. 17. Data from the 244 focal mechanisms and results from Angeles basin. The agreement between average trends of 
the stress inversion. (a) Lower hemisphere projection of all fold axes (shown as petals in Figure 19) and the trend of 
selected nodal planes (one from each focal mechanisms). the minimum horizontal principal stress suggests that the 
Location of the slip vector is shown on each nodal plane as a current stress field has existed over the lifetime of the folds 
plus symbol (with a normal component) or a star (with a thrust or since 24 Ma [e.g., Davis et al., 1989]. 
component). (b) The orientations of the principal stress axes The second most important spatial variation in the stress 
with 95% confidence areas, determined assuming that 30% of 
the planes were picked incorrectly, indicated with solid, heavy field is the variation in 0 or the relative magnitude of S2 
dashed or light dashed lines; 1, 2, and 3 are the maximum, and S 3, which shows where strike-slip faulting and thrust 
intermediate, and m'mimum principal stress axes. faulting dominate in the basin (Table 3 and Figure 19). In 

TABLE 3. Stress Inversion Results for the Los Angeles Basin 

Center Number • Maximum Intermediate Minimum Average 
o f o f Principal Principal Principal Misfit Angle 

Region Planes m Stress Stress S tress 13 

# Trend Plunge Trend Plunge Trend Plunge Mean S.D. 

All data 244 0.22 -167 ø 8 ø 102 ø 4 ø -16 ø 80 ø 30 ø 30 ø 

34003 ' 

33o51 ' 

33o39 ' 

117ø40 ' 26 0.49 -180 ø 2 ø 90 ø 9 ø -77 ø 80 ø 22 ø 18 ø 
117o55 ' 40 0.37 -179 ø 6 ø 90 ø 9 ø -56 ø 79 ø 25 ø 21 ø 
118ø10 ' 41 0.18 -167 ø 2 ø -77 ø 12 ø 94 ø 78 ø 22 ø 19 ø 
118025 ' 53 0.08 -168 ø 1 ø 101 ø 30 ø -76 ø 59 ø 22 ø 21 ø 
118040 ' 38 0.24 -167 ø 1 ø -76 ø 44 ø 101 ø 46 ø 21 ø 17 ø 

117o40 ' 32 0.37 -1 ø 5 ø 90 ø 19 ø -106 ø 70 ø 22 ø 20 ø 
117055 ' 50 0.34 9 ø 1 ø 99 ø 8 ø -87 ø 82 ø 28 ø 29 ø 
118ø10 ' 73 0.25 -163 ø 9 ø 105 ø 14 ø 17 ø 80 ø 27 ø 27 ø 
118o25 ' 65 0.22 -166 ø 1 ø -76 ø 2 ø 82 ø 88 ø 24 ø 25 ø 
118ø40 ' 51 0.17 -170 ø 5 ø 98 ø 15 ø -63 ø 74 ø 26 ø 24 ø 

117o40 ' 1 1 0.34 -179 ø 6 ø 88 ø 18 ø -71 ø 71 ø 26 ø 14 ø 
117ø55 ' 34 0.47 -149 ø 15 ø 120 ø 3 ø 20 ø 75 ø 42 ø 41 ø 
118o10 ' 71 0.30 -152 ø 14 ø -61 ø 3 ø 41 ø 76 ø 36 ø 32 ø 
118025 ' 32 0.18 -159 ø 17 ø 107 ø 11 ø -15 ø 70 ø 40 ø 44 ø 
118o40 ' 10 0.33 -178 ø 19 ø 87 ø 11 ø -31 ø 68 ø 30 ø 25 ø 
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Fig. 19. Map showing the stress field in stereonet projection at the 15 sites. The largest petals from each of 
the rose diagrams in Figure 16 are also shown as petals on the outside of each stereonet circle. See also 
caption of Figure 17b. 

the central part of the basin and along its eastern edge, 
•=0.25-0.49 (i.e., S2 is significantly larger than S3), and 
the plunge of S2 is close to 90 ø so that the stress state is 
equivalent to strike-slip faulting. Along the Elysian Park 
,•nd the Torrance-Wilmington fold and thrust belt, •=0.08- 

0.25 (i.e., S2 is approximately equal in magnitude to S3), 
so the stress state is equivalent to thrust faulting. These 
spatial variations in the magnitudes and orientations of the 
principal stresses suggest that the flanks of the basin 
locally influence the state of stress. 
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DISCUSSION 

The Los Angeles basin is not a passive depositional 
sedimentary basin but a region of complex tectonics [e.g., 
Yerkes et al., 1965; Davis et al., 1989]. This complexity 
has made it difficult to interpret the ongoing tectonic 
deformation and the associated earthquake activity, which, 
in turn, has resulted in "surprise" earthquakes causing 
significant property damage [e.g., Hauksson et al., 1988]. 
This study has contributed toward understanding the 
complex tectonics through mapping of fold and thrust belts 
using geologic data and earthquake focal mechanisms and 
suggesting that the coexistence of strike-slip and thrust 
faults is the result of alecoupling of oblique fault motion. 

Fold and Thrust Belts 

The 1987 Whittier Narrows earthquake confumed that the 
thrust fault identified by Davis et al. [1989] beneath the 
Elysian Park anticline is an active fault. Other damaging 
earthquakes such as the Coalinga and Kettleman Hills 
earthquakes in central California have also confirmed a 
causal relationship between folding and faulting [Stein and 
King, 1984; Eaton, 1990]. In this study, the focal 
mechanisms of small and moderate-sized earthquakes 
(2.5<_M<5.9) are used to infer the zones of thrust faulting. 
If the focal mechanisms show thrust faulting and are 
located in an area of folding, a belt of thrust faulting and 
folding is inferred. 

Two major fold and thrust belts have been recognized 
along the flanks of the basin (Figure 11). In the past the 
folds were ascribed to wrench faulting along the major 
strike-slip faults [e.g., Wilcox et al., 1973]. The thrust 
focal mechanisms from this study and the fault-bend and 
fault-propagation folding models by Suppe [1985] and 
others indicate that these folds are not associated with 

strike-slip faults but are caused by movement on blind or 
concealed thrust faults at depth. This interpretation is also 
similar to the conclusions of Davis et al. [ 1989], who used 
geological data and folding models to interpret the folds in 
the basin. 

Segmentation of fold and thrust belts can limit the size 
of earthquake rapture and is thus important for evaluating 
the earthquake potential of these concealed faults. The 
available data can not resolve whether the fold and thrust 
belts are underlain by contiguous or segmented faults. 
Furthermore, the seismicity from 1977 to 1989 is a snap 
shot in time and may not illuminate all of the relevant 
concealed fault structures. Several lines of evidence, 
however, suggest that the thrust belts may be underlain by 
segmentexl faults. 

The Elysian Park fold and thrust belt is approximately 
100 km long and based on limited evidence can be divided 
into at least five large segments (Figure 11). The 
geological and earthquake data alone cannot resolve if each 
of these large segments are underlain by one continuous 
thrust fault or many small thrust faults. The segment 
boundaries are identified from (1) the eastern and western 
limits of the aftershock zone of the 1987 Whittier Narrows 
earthq•e; (2) the Yorba Linda seismicity trend; and (3) 
the intersection with the Newport-Inglewood fault where 
the depth of the hypocenters appears to be offset with 
greater focal depths found to the east. 

The Torrance-Wilmington fold and thrust belt is 
approximately 60 km long and can be divided into three 
large segments mostly based on the boundaries of oil fields 
within the belt. Like the Elysian Park thrust zone whether 
each of the large segments consists of one large or many 
small thrust faults cannot be resolved. One of the 
segmentation boundaries is in San Pedro Bay where the 
Wilmington oil field is offset from the Beta oil field. 
(Wright [1987] shows the detailed locations of the oil 
fields.) The other is offshore from Torrance, at the western 
end of the Torrance oil field. This segmentation boundary 
is supported by some strike-slip focal mechanisms near the 
north offshore extension of the Palos Verdes fault. The 
Torrance-Wilmington and Elysian Park fold and thrust belts 
appear to merge in Santa Monica Bay and continue to the 
west beyond Point Dume as one fold and thrust belt [see 
also, Davis et al., 1989]. 

Any of these eight large segments could rapture in a 
moderate-sized (M>5) or large (M>6.7) earthquake. If 
several segments could rupture simultaneously, a large 
(M>6.7) or great (M>7.8) earthquake could result. The 
compressional tectonics of the Los Angeles basin are 
similar to the tectonics of the southern San Joaquin Valley 
with concealed thrust faults beneath thick folded sediments. 

The 1952 (Ms=7.7) Kern County earthquake raptured a 75- 
kin-long concealed fault with three distinct segments near 
the southern end of the San Joaquin Valley [Stein and 
Thatcher, 1981]. Although the concealed faults in the 
basin appear to be segmented, a large earthquake that would 
break multiple fault segments beneath the Los Angeles 
basin cannot be precluded. 

Decoupling of Fault Slip 
Decoupling of fault motion or slip partitioning implies 

that two sets of faults with distinctly different fault motion 
coexist and together accommodate oblique fault motion in 
the same region. Decoupling of fault motion has not been 
thought important in the past because short faults often 
exhibit oblique slip and focal mechanisms of small 
earthquakes showing oblique faulting are also common. 
However, unlike the small earthquakes in the Los Angeles 
basin, the moderate and large earthquakes rarely exhibit 
oblique faulting (Figure 6b). Recent studies of the San 
Andreas fault in central California infer that slip is 
alecoupled near the fault such that strike-slip movement 
takes place on the main trace of the fault and thrust or 
normal on smaller subsidiary faults [Zoback et al., 1987; 
Mount and Suppe, 1987; Mount, 1989]. Similarly, along 
the San Andreas fault in southern California, Jones [1988] 
found a good correspondence between off-fault earthquakes, 
late Quaternary tectonic deformation, and state of stress. 
This suggests that the decoupling of strike-slip from 
normal and thrust motion in some cases is an important 
part of faulting. 

The Los Angeles basin is a boundary zone between the 
strike-slip faulting of the Peninsular Ranges to the south 
and the thrust or reverse faulting of the Transverse Ranges. 
The merging of these two modes of deformation requires 
some form of oblique deformation. However, oblique 
faulting is not observed on mappable sttrficial faults such 
as the Whittier and Newport-Inglewood faults where the 
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vertical component is less than 10% of the horizontal 
component of motion. Rather, the results of this study 
suggest that for moderate-sized or large earthquakes the 
fault slip is alecoupled into a strike-slip component on 
steeply dipping northwest to north striking faults and a 
thrust faulting component on north dipping, east striking 
faults. Hence these two different types of faulting need to 
coexist in the basin. 

4ctive Tectonics 

A schematic drawing of the major late Quaternary faults 
and the fold and thrust belts (Figure 20) summarizes the 
complex tectonics of the Los Angeles basin. The 
maximum horizontal principal stresses acting on the basin 
(determined in this study) and, to the north, on the Mojave 
segment of the San Andreas fault [Jones, 1988] are also 
included. The complex tectonics responding to this 
regional stress field show (1) right-lateral motion on 
northwest to north-northwest striking faults such as the 
Whittier and Newport-Inglewood faults; (2) left-lateral 
motion on east-northeast to northeast striking faults such 
as the Raymond fault and Yorba Linda trend; (3) thrust 
motion on west to west-northwest striking gently dipping 
faults located within the fold and thrust belts; and (4) 
reverse motion on exposed reverse frontal faults such as the 
Sierra Madre fault. The strike-slip faults accommodate 
lateral movements of blocks while the thrust and reverse 
faults accommodate uplift and crustal shortening. 

Weldon and Humphreys [1986] model the deformation of 
southern California as dominated by lateral motion of 
crustal blocks to the northwest and west around the "Big 

Bend" of the San Andreas fault. Their model explains the 
difference in convergence across the central Transverse 
Ranges (about 3 mm/yr) and the western Transverse 
Ranges (about 20 mm/yr) by left stepping a zone of right- 
lateral shear separate from the San Andreas across the 
western Transverse Ranges. The strike-slip movement in 
the Los Angeles basin is compatible with their model. 
The Newport-Inglewood and the Whittier faults 
accommodate northwestward right-lateral motion 
subparallel to the plate motion of the Pacific plate. The 
Yorba Linda trend and the Raymond fault accommodate 
some of the westward left-lateral motion required for the 
westward motion of these blocks around the "Big Bend". 

The Weldon and Humphreys [1986] model includes 
motions on strike-slip and reverse faults. The results of 
this study compliment their model by showing how the 
motion on strike-slip and exposed reverse faults are merged 
through decoupled fault motion in areas where these faults 
abut. Weak faults or communication through elastic strain 
are possible mechanisms for decoupled faulting, which 
allow the needed oblique motion to be accommodated by 
the two distinct sets of faults. 

CONCLUSIONS 

The analysis of 244 single-event focal mechanisms of 
earthquakes in the Los Angeles basin and available data on 
folding shows coexistence of major strike-slip and thrust 
faults. Two fold and thrust belts are identified. The 
Elysian Park fold and thrust belt extends along the east and 
north flank of the basin from the north end of the Elsinore 
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Fig. 20. Schematic tectonic map of the Los Angeles basin showing mappable surficial late Quaternary faults 
[Ziony and Jones, 1989] and the Yorba Linda sel. smicity trend. The Elysian Park and Torrance-Wilmington 
fold and thrust belts are shown as shaded areas. Maximum compressire horizontal principal stresses from thks 
study and Jones [1988] for the Mojave segment of the San Andreas fault are also shown with thick arrows. 
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fault, through the Whittier Narrows, beneath downtown 
Los Angeles, and into Santa Monica Bay. The Torrance- 
Wilmington fold and thrust belt extends along the 
southwest flank of the basin from offshore Newport Beach 
across the Palos Verdes Peninsula and into Santa Monica 

Bay. The merging of the strike-slip faulting of the 
Peninsular Ranges and the thrust faulting of the Transverse 
Ranges does not occur through oblique faulting but rather 
through slip partitioning or decoupl• strike-slip and thrust 
faulting. Moderate-sized damaging earthquakes have 
occurred on both the strike-slip and the thrust faults. The 
flanks of the basin that surround the less active deep central 
basin appear to accommodate most of the deformation. 
The stress field determined from focal mechanisms is 
consistent with stress directions derived from borehole 

breakout data. The spatial coincidence of the minimum 
principal stress directions and the trends of fold axes 
suggests that the present stress field has existed since 24 
Ma. Furthermore, evaluations of the earthquake potential 
that in the past only took into account the mappable 
surficial faults also have to take into account the concealed 
thrust faults. 
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