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ABSTRACT  
Previous work suggests that the Wilmington blind-thrust fault is capable of producing a multi-
segment (Mw 6.3–6.4) earthquake rupture based on the Torrance, Wilmington blind-thrust, and 
Huntington Beach fault segments all rupturing together.  This rupture model does not consider 
stress heterogeneity near these faults (~55 km total length) which may limit the size of earthquakes. 
To obtain a more realistic estimate of potential earthquake rupture, information on the stress field 
of the fault system is essential. We analyze digital oriented 4- and 6-arm caliper data from 36 wells 
in the region to provide constraints on the in situ stress. All wells have surface locations within 5 
km of the Wilmington blind-thrust and are as close as ~500 m to the projected fault surface trace. 
Our caliper data set yields ~400 breakouts comprising ~1300 m in total length. Preliminary results 
in near-vertical borehole sections, indicate consistent SHmax orientations at some platforms, but 
significant SHmax variations between the groups. Group III’s near-vertical SHmax orientation is 
N4°W, Group IV’s is N7°E, and Group V’s is N22°W.  This indicates a varying SHmax orientation 
along strike of the Wilmington blind-thrust. We also conducted a preliminary misfit analysis 
between the dataset and theoretical stress orientations for eight Group IV wells comprising ~650 
m total breakout length to obtain a high confidence model of the stress state. Our initial best fit 
model has relative stress magnitudes of SHmax=2, Shmin=1.9 and SV=1 with a median SHmax 
orientation of N3°E giving a reverse faulting stress regime for the platform.   

BACKGROUND 
The Wilmington anticline is located onshore and offshore, in the subsurface below Long Beach 
California (Figure 1).  The anticline has little to no surface expression, but its general structure is 
an asymmetrical anticline (purple contours in Figure 1) crosscut by normal faults (orange faults in 
Figure 1) (Mayuga, 1970; Wright, 1991).   The Wilmington blind-thrust runs along the southern 
extent of the anticline and is posited to extend to the northern Torrance segment, and may possibly 
link with the Huntington Beach fault, to create multisegment (Mw 6.3–6.4) earthquake ruptures 
(Wolfe et al., 2019).   

BOREHOLE BREAKOUT ANALYSIS 
To provide constraints on the stress field, we analyze digital oriented 4- and 6-arm caliper data 
from 36 wells located near the Wilmington blind-thrust. The well paths cross into nine of the 
anticline fault blocks (Figures 1 and 2).  The wells are currently grouped according to surface 
location, but the individual well paths differ greatly from well to well. This grouping does not 
consider the different fault blocks or changes in the geology that may cause stress heterogeneity.   

To identify borehole breakouts, we modified criteria from Zajac and Stock (1997) that were based 
on the criteria of Plumb and Hickman (1985). We use these criteria to select sections in the 
borehole where one caliper arm is stuck in the elongated zone showing an elongation on both sides 
of the borehole, and exclude in gauge sections, washouts, and keyseats. The criteria are: 

1. Larger caliper must be larger than the bit size.   
2. Keyseat and non-breakout elongation exclusion: The smaller caliper must be larger than the 
keyseat length in cases of a deviated hole (>15°) (Persaud et al., 2020), must be smaller than 1.1 x 
bit size, and the elongated caliper cannot coincide with the bottom of the wellbore.   
3. Smaller caliper and larger caliper are at least 5% different from one another.   
4 & 5.  Tool rotation stops in the zone of elongation: We limit maximum variation of relative 
bearing to less than 10° over 1 m (Criteria 4) and limit the sum of clockwise (+) and 
counterclockwise (-) rotations to less than 10° over 1 m (Criteria 5). 
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In addition, breakouts must be longer than 3 m, the standard deviation of the relative bearing must 
be under 1.25° and the standard deviation of the caliper length must be under 2 in.   

 

Figure 1.  Map of the southwestern 
Los Angeles basin showing the 
Wilmington blind-thrust fault and the 
wells used in this study. The map 
shows the general anticline structure 
(purple contours) along with the 
nearby faults (Palos Verdes, THUMS-
Huntington Beach, and Newport-
Inglewood). Wells used in the study are 
shown with yellow circles. The 
subsurface structure map of the 
Wilmington anticline in the 2400 to 
4000 ft interval (100 ft contours of 
lower Pliocene horizon) and orange 
normal faults were digitized from 
(DOGGR Report, 1945).  Red lines are 
Quaternary faults (Jennings et al., 
2010). 

The zones that meet these breakout criteria are plotted as sticks in polar projection plots in Figure 
3 using the “looking down the wellbore” convention (PešKa and Zoback, 1995).  The advantage 
of using these plots is that any arbitrarily oriented borehole from vertical to horizontal can be 
plotted together and differentiated from one another easily. In addition to this, the orientation of 
the sticks themselves can be used to visualize the orientations of borehole breakouts in any 
borehole (PešKa and Zoback, 1995).  We also average these breakout zones using angular statistics 
(Mardia and Jupp, 1999) (Figure 3 averaged). These averaged zones represent a single breakout 
zone midpoint orientation, which is advantageous when the caliper tool may rotate back and forth 
across a wide breakout zone.   

PRELIMINARY RESULTS  
Maximum Horizontal Stress, SHmax 

TABLE 1 Preliminary SHmax results from near-vertical breakouts 
Group Well # # of Breakouts  Length [m] Deviation Depth Range [m] Shmin SHmax 
II 2 1 3 10.4° 1402-1406 N22°W N68°E 
III 5 10 95 9.9-10.8° 1370-1815 N86°E N4°W 
IV 22 7 28.5 8-19° 875-1035 N75°W N15°E 
IV 25 2 11.5 12-13, 

15° 
993-999,  
1013-1018 

N78°E 
N74°W 

N12°W 
N16°E 

IV 26 5 83 2-8° 1370-1665 N85°W N5°E 
V 13 4 15 6-7° 2610-2674 N67.5°E N22.5°W 
V 16 2 8.5 15° 1915-1925 N64°E N26°W 
V 21 2 29 7-12° 370-410  N71°E N19°W 
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Groups I-III have limited azimuthal coverage, with only wells 2 and 5 having near vertical sections 
(Table 1).  Group II’s well 2 has one 3-m long breakout zone with a possible SHmax orientation of 
N68°E.  This result is not well oriented with Groups III, IV and V, and may be an anomalous SHmax 
orientation for the study area. Group III has 10 breakout zones with 95 m of total breakout length 
all coming from Well 5 and with an average SHmax orientation of N4°W. This result is similar to 
the results from Group IV (Figure 3b).   

Wells 22-29 in Group IV (Figure 3) cover a depth range of 400 – 2900 m TVD and have near 
vertical sections (<20° hole deviation) in wells 22, 25, 26, 28, and 29. Well 22 has seven breakout 
zones that have an average SHmax orientation of N15°E (Table 1).  This orientation is slightly more 
eastward than well 26, but some variation is expected potentially due to deviation. Well 25 has 
two breakout zones with an average SHmax orientations of N12°W and N16°E.  This variation in 
SHmax may indicate a local stress rotation in well 25. Well 26 has five near-vertical breakout zones 
with an average SHmax orientation of N5°E. Well 26 has results in borehole sections with the least 
hole deviation, and the results from this well are consistent with the misfit calculation discussed 
later. Well 28 has two breakout zones average SHmax orientation of N72.5°W. Well 29 has five 
breakout zones with an average SHmax orientation of N50°W. Both Wells 28 and 29 occur at the 
boundary of expected near-vertical and thus may not be representative of the SHmax orientation.   
The near-vertical results from Wells 22, 25, and 26 give an average SHmax orientation of N7°E.   

We have analyzed wells 8-21 in Group V (Figure 3) that cover a depth range of 400 – 2000 m, and 
2500 – 3200 m TVD and have near-vertical breakout zones across wells 13, 16, and 21.  Well 13 
has four breakout zones with an average SHmax orientation of N22.5°W.  Well 16 has two breakout 
zones with an average SHmax of N26°W.  Well 21 has two breakout zones with an average SHmax 
orientation of N19°W. These near-vertical results are consistent and give an average SHmax 
orientation of N22°W.   

 

Figure 2.  (a) Map of the study area 
showing the well paths extending from 
the surface locations of the wells. The 
well paths are color-coded based on 
the different groups, which are based 
on their geographic locations. The 
location of Figure 2a is shown in 
Figure 1. (b) East-West cross section 
across the study area showing the 
depth extent of the wells and the 
different wells paths. The well 
numbers correspond to those in 
Figure 2a. Wells extend to a maximum 
of 3200 m true vertical depth.  
Vertical exaggeration is 2x for 3b.    
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Stress Regime  
A preliminary misfit analysis was completed for Group IV following the method of Persaud et al. 
(2020).  Group IV had a best fit stress regime of SH=2, Sh=1.9 and Sv=1.0. with an average SHmax 
orientation of N3°E. This SHmax orientation is consitent with the near-vertical results of well 26 in 
that group. The presence of a large number of radial breakouts also agrees with the high stress ratio 
reverse faulting stress regime for the platform.  Based on the misfit results for Group IV, breakout 
orientations are not expected to vary more than 10° from the orientation of Shmin at deviations less 
than ~20° (Mastin, 1988).  This, however, is not equally likely for all hole deviations <20° 
particularly for hole azimuths that are 90° from the SHmax orientation.  This could indicate that the 
results from wells 28 and 29 that do not follow the same SHmax pattern may not be close enough to 
near-vertical to use them in this manner.   

 

Figure 3. (a) Map 
showing preliminary 
maximum horizontal 
stress (SHmax) 
orientations near 
the Wilmington 
blind-thrust fault 
based on the 
analysis of near-
vertical wellbore 
sections. (b) Polar 
plot of breakout 
zones for wells in 
Groups I-V and the 
near-vertical 
results.  Each group 
has the unaveraged 
results plotted by 
well color (left 
plots) and the 
averaged borehole 
breakout results 
plotted by true 
vertical depth (TVD; 
right plots).  The 
near-vertical plot 
(upper right panel) 
is zoomed in where 
the outer hole 
deviation does not 
exceed 20°. 

 

DISCUSSION 
Although Group V shows consistent SHmax orientations for that platform, Group IV shows a range 
in SHmax values of  29° (Well 25), and there are substantial variations between the groups. The 
mean near-vertical SHmax orientation varies from N4°W at platform III, N7°E at platform IV, and 
N22°W at platform V.  This change in SHmax may be indicative of abrupt changes in structure or 
geology. One likely interpretation is that the fault blocks themselves, or possibly the proximity to 

a) 

b) 
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the Wilmington blind-thrust may be a controlling factor. Our near-vertical results indicate stress 
heterogeneity near the Wilmington blind-thrust with SHmax variations between groups averaging 
11° between Groups III and IV, and a 29° SHmax orientation change between Groups IV and V. The 
lateral distance between Groups III and IV is just over 1 km, while the distance between Groups 
IV and V is just over 2 km. The presence of a number of radial breakouts in Groups I and V 
indicates that the overall stress regime in the Wilmington anticline is reverse, but further analysis 
will have to be undertaken to ascertain what variations may exist between the groups.   

INTELLECTUAL MERIT 
The Wilmington anticline has been the subject of recent research that posits the existence of a 
major blind-thrust fault located along the fold axis of the anticline that extends onshore to the 
northwest through the Torrance anticline (Figure 1; Wolfe et al., 2019).  This fault zone is capable 
of hosting greater that magnitude 7 earthquakes (Wolfe et al., 2019).  These new results are in 
contradiction to the long-held view that the region is characterized by a strike-slip stress regime 
similar to the nearby Newport-Inglewood fault zone. Previous studies on the stress field in this 
region are sparse, however, a strike-slip stress regime has been confirmed by in-situ stress analysis 
(e.g., Katahara et al., 1995). Our study provides a more detailed and comprehensive study of the 
stress regime surrounding the Wilmington blind-thrust fault, which is needed to determine the 
likelihood of large ruptures with reverse-slip occurring.  

BROADER IMPACTS 
This award has supported a PhD student and the research program of an early-career faculty. A 
manuscript was published with the methodology for the stress analysis and stress results for the 
Santa Barbara channel (Persaud et al., 2020). Preliminary project results for the Wilmington blind 
thrust fault were presented at the 2020 SCEC Annual Meeting with a manuscript in preparation.  
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