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Figure 1: A: Faults, destructive earthquakes (shown as focal mechanisms in lower hemisphere 
projections from USGS and SCEC, 1994), and locations of cross sections. The traces or upper 
edges of blind faults are from the Southern California Earthquake Center Community Fault 
Model (Plesch et al., 2007) and from Sorlien et al. (2006, and submitted). L.A.=Los Angeles 
(downtown); LB=Long Beach (city and harbor); PVA=Palos Verdes anticlinorium, PVF=Palos 
Verdes fault; SPBF=San Pedro Basin fault; SMM=Santa Monica Mountains; SPS=San Pedro 
Shelf.  B: Map showing the upper edges of faults. Gray fill is the southwest limb of Palos Verdes 
anticlinorium.  Red triangles are on hanging-wall side of thrust-separation faults. 
 
Previous Structural Models for Palos Verdes Anticlinorium 
The five km-deep L.A. basin is isolated from other basins to the southwest by a 70 km-long 
anticline-ridge, the Palos Verdes Anticlinorium (PVA), (Davis et al., 1989; Fig. 1). The 700 m-
high sea floor San Pedro Escarpment is the expression of the southwest limb of PVA. One set of 
models explains the visible, uplifting part of the PVA as due to oblique right-reverse slip along a 
restraining segment of the Palos Verdes fault (e.g., Ward and Valensise, 1994). Alternatively, 
thrust slip on a SW-dipping roof thrust above a SW-directed tectonic wedge has been interpreted 
as the cause of folding and uplift of the PVA (Davis et al, 1989; Shaw and Suppe, 1996). We 
have proposed a variation of the regional thrust model, where a SW-dipping roof thrust is not 
required and NE-dipping thrust-separation faults root beneath Los Angeles basin (Figure 2). The 
upper tips of these faults are imaged on seismic reflection profiles. These faults may connect 
with the Compton thrust ramp of Shaw and Suppe (1996), may root beneath the Compton, or 
both. Figure 3 shows our comparison GPS velocities, and at the same scale, of cross sections 
across the Nepal Himalaya (Avouac, 2003) and Los Angeles region (Argus et al., 2005). GPS 
shortening is seen above the transition from the deep creeping thrust beneath the high Himalaya 
to its shallow locked part. Earthquakes have ruptured updip100 km south of the now contracting  
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transition. GPS-measured shortening beneath and north of downtown Los Angeles could also 
in part be related to a regional locked thrust system that extends into offshore San Pedro Basin. 
 

Figure 2. Cross section across the northwest plunge of Palos Verdes anticlinorium. No vertical 
exaggeration. It combines an offshore depth-converted seismic profile, a cross section from Wright 
(1991) and the SCEC Community Fault Model (Plesch, Shaw et al., 2007). Located on Figure 1. 
 

Figure 3: GPS velocity profile (dotted green; best-fit model) and hypocenters across LA basin 
(A; modified from Argus et al., 2005). In order to fit the profile by thrust faulting, the long-term 
horizontal slip component needs to be 8mm/y. Seismicity is as deep as 15-20km and best-fit fault 
(blue) has unrealistically shallow locking depth of 6km, which Argus et al. (2005) ascribe to the 
un-modeled lower stiffness of the basin relative to the uplifted basement to the north. 
Furthermore, known thrust faults in the LA Basin can only account for about half the observed 
shortening.  Could the missing slip be taken up by a shallower-dipping fault surfacing far to the 
SSW?. Such a fault would be analogous to the basal Himalayan detachment (“ MFT”), which has 
ruptured in great historic earthquakes and is associated with A GPS velocity profile that 
resembles the LA Basin profile (B; combined from Avouac, 2003).   
 



3

Our data and approach   
We had previously completed stratigraphic interpretations of the northwest part of the PVA 
beneath Santa Monica Bay (Broderick, 2006), and of the southeast plunge of PVA beneath San 
Pedro Shelf and adjoining slope. However, stratigraphic correlation between the two areas had 
not been done and the preliminary fault interpretation of the central and southern San Pedro 
Escarpment was based on limited data then available. We have now completed the interpretation, 
correlating a Miocene-Pliocene unconformity and top Repetto through several grids of industry 
and USGS seismic reflection profiles, and remapped the faults in San Pedro Basin and along San 
Pedro Escarpment (Fig. 1b). As part of this, we incorporated several additional wells on San 
Pedro Shelf on either side of the Palos Verdes fault, using paleontology and well logs provided 
by the Minerals Management Service (MMS) (Fig. 4). 
 
Discussion 
Multibeam bathymetric data image a field of latest Pleistocene-Holocene short-wavelength folds 
centered midway between Catalina Island and Long Beach (Dartnell and Gardner, 1999; Fisher 
et al., 2004). We mapped mostly NE-dipping blind (oblique?) thrusts beneath them (Figs 1b, 4, 
5). Late Pliocene strata do not thin onto the southern San Pedro Escarpment, which is nearly a 
dip slope, indicating that this fold limb initiated at the beginning of Quaternary time. These faults 
reactivate some of the numerous strands of Miocene extensional faults, which in turn logically 
reactivated early Miocene and older subduction-related thrust faults. The critical question is 
whether the Quaternary reactivation is being driven by local strike-slip tectonics, or whether this 
folding represents the tip of a regional thrust system rooted beneath Los Angeles.  
 

 
Figure 4: Multichannel industry profile from the USGS NAMSS web site (Hart and Childs, 2005). 
Minerals Management (MMS) paleontology and velocity surveys from wells on either side of the 
Palos Verdes fault, along with dated sea floor outcrop (Nardin and Henyey, 1978) constrain the 
stratigraphy. Northeast of the Palos Verdes fault the top Lower Pico of Wright (1991) and Rigor 
(2003) is used rather than the deeper MMS picks. 
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Our new mapping illustrates a restraining segment in the right-lateral San Pedro Basin fault 
adjacent to the zone of basin-floor folding. Catalina Island represents an uplift associated with a 
restraining segment on a fault to its south (Legg et al., 2007), and it may be impinging on San 
Pedro Basin (Fig. 1). Such transpression may be enhancing contraction associated with regional 
SW-verging thrusting rooted beneath Los Angeles. Subduction resulted in a preferential 
landwards dip on large gently to moderately-dipping offshore faults. NE-dipping faults that 
extended during the Miocene are imaged beneath San Pedro Basin (Sorlien et al., in revision). 
However, it is the PVA, which extends beyond restraining segments of local strike-slip faults, 
which may be most convincing for the existence of a regional thrust system rooted beneath Los 
Angeles. Our recent completion of the near top Miocene stratigraphic interpretation will allow us 
to produce an improved digital representation of the PVA.  

 

 
Figure 5: M igra ted  U S G S  m ultichanne l se ism ic  reflec tion  pro file  D -D ’, loca ted  on  F igure  1 . D ata  
from  S lite r e t a l., (2005). T he th ickness  be tw een top  R epetto  (~2 .5  M a, b row n) and top  Low er 
P ico  (~1 .8  M a , ye llow ) does no t change on the  southw est lim b o f the  P V A . Q uaternary s tra ta  
on lap  o f the  low er part o f the  lim b and probab ly m ark  the  in itia tion  o f fo ld ing  in  th is  part o f the  
s truc ture . T he en tire  P liocene section  p inches ou t beneath  the  m odern  ba th ym etric  bas in  a t the  
w est end o f p ro file , w h ich  is  in te rpre ted  as  the  foo tw a ll o f N E -d ipp ing  M iocene norm al-separa tion  
fau lts . T h is  a rea  rem ained  re la tive ly h igh -s tand ing  th rough P liocene tim e . The right-lateral Palos 
Verdes fault dips northeast away from the crest of the anticlinorium and has normal separation, 
and thus does not explain the folding. T he inse t show s  a  figure  from  W ickham  (1995), w here  the  
progress ive ly-tilt ing  fo re lim b is  w ider than  the  back lim b, and thus an tic line  asym m etry does no t 
ind ica te  the  d ip  d irec tion  o f the  underlying  fau lt. 

 
Seismic Micro Technology donated the Kingdom Suite interpretation software used in this 
study. Kris Broderick, Mike Fisher, Ray Sliter, Bruce Luyendyk, Bill Normark and Doug 
Wilson have been involved in this project.  
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