
Figure 1: Overview of the Newport-Inglewood fault study area and data constraints. Inset 1a: In red, the 
existing representation of the Signal Hill restraining bend in the USGS QFaults database--left-stepping, 
discontinuous, subparallel splays. Uplift in the bend, manifest as the topographic expression of Signal Hill, is 
shown in yellow to red. Inset 1b: Data constraints integrated for analysis of the Signal Hill restraining bend.
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Abstract The Newport-Inglewood fault (NIF) is a complex 

strike-slip system that cuts over 50 kilometers through metropolitan Los 
Angeles, forming the southwestern edge of the Los Angeles basin. The fault 
poses one of the greatest deterministic seismic hazards in the nation.

The last large rupture on the NIF was the 1933 M6.4 Long Beach 
earthquake. This earthquake—southern California’s deadliest—ruptured 
only a portion of the fault. The rupture is thought to have arrested at Signal 
Hill, a large restraining bend formed by a left step in the fault that lies within 
the Long Beach oil field. The restraining bend at Signal Hill is defined by the 
Pickler fault, which trends perpendicular to the NIF, dips ~78° SE, and 
accommodates pure dip-slip motion. The Pickler fault represents a direct 
physical connection between regional-scale strike-slip strands of the NIF.

Signal Hill provides an excellent opportunity to study the character of 
restraining bends that may limit the extent of ruptures on strike-slip faults. 
We leverage an exceptional subsurface dataset to define the subsurface 
geometry of the restraining bend at Signal Hill and investigate its 
implications for the deformational history and activity of the strike-slip NIF. 
We integrate mapped Quaternary active surface fault traces (USGS 
QFaults), industry field maps of faults and subsurface rock units, hundreds 
of oil well logs that include direct fault picks, and 2D seismic reflection 
surveys. We cross-validate these independent constraints to construct a 
robust, high-resolution 3D fault model of the Signal Hill restraining bend and 
surrounding Long Beach segment of the NIF.

We further map and analyze numerous stratigraphic horizons of Pliocene 
through Pleistocene age to constrain the deformational history of the 
system. From these data, we calculate uplift and slip on the NIF that has 
been translated through Signal Hill. This, in turn, is used to calculate a 
minimum slip rate on the fault.

Our new fault model represents an improved understanding of the precise 
geometry and kinematics of restraining bends that may impact earthquake 
rupture processes, and this has important implications for the seismic 
hazards of the NIF and similar fault systems worldwide.

Study Area and Data

Continuing work
● Seismicity- and focal mechanism-based 

interpolation to model deep fault 
geometry

● Gather and integrate data for all NIF 
segments to model full fault geometry

● Investigate younger fault activity using 
Pleistocene stratigraphic data

● Use 3D fault model as dynamic rupture 
modeling input

● Slip rate calculations
Uplift

1a: Signal Hill QFaults traces and topography

Findings and 
implications
Our data-driven 3D model of the three distinct 
faults that comprise the Signal Hill restraining 
bend--as well as their geometries’ 
interaction--has direct implications for future 
complex ruptures on the NIF and other 
restraining bends worldwide. Namely, our 
model:

1. Illuminates a robustly resolved hard 
linkage, dip-slip connection between two 
strike-slip fault splays not previously 
included in QFaults;

2. Provides a highly precise 3D fault model 
employable in dynamic rupture modeling 
simulations;

3. Opens the question of multiple rupture 
pathways at Signal Hill, and invites 
focused study into what conditions may 
yield a dominant pathway or not; what 
influence might this geometry have on 
earthquake segmentation? Do ruptures 
have a tendency to terminate at an 
orthogonal segment, or to pass through 
along through-going strike-slip strands?
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Newly defined surface 
traces supplement 
existing QFaults 
mappings

The Cherry Hill fault 
and Northeast Flank 
fault merge in the 
southeast, providing 
a rupture pathway 
along through-going 
strike-slip strands.

The Northeast 
Flank Fault 
truncates down 
into the Cherry 
Hill Fault, which 
extends down to 
seismogenic 
depth.

The dip-slip Pickler fault, 
where slip has been 
consumed as uplift and 
vertical offset, meets the 
through-going strike-slip 
Cherry Hill fault at a ~90° 
angle.
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Figure 1 (cont.): 
Overview of all data 
constraints used to 
construct 2D 
cross-sections (Figure 
2) and 3D fault models 
(Figure 3) for the Signal 
Hill restraining bend. 
Cross-sections shown 
in Figure 2 (A-A’ and 
B-B’) are marked in 
yellow. 
1b (above): A 
bird’s-eye view. 1c 
(right): A 3D depth 
perspective.
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Results

Figure 2: Cross-sections across the Signal Hill restraining bend. Cross-section surface traces are shown in Figure 1b-c. A number of key horizons are interpreted. Key observations are noted. Data used to constrain fault geometry are shown on the section, and detailed on the legend. 
No vertical exaggeration. These cross-sections are examples of the 12 total sections drafted to constrain the 3D fault model shown in Figure 3. 2a (left): Cross-section A-A’, constructed parallel to the regional NIF trend and orthogonal to the Pickler fault strike. Wells are projected from within 
45m distance. 2b (right): Cross-section B-B’, constructed orthogonal to the two main strike-slip splays of the NIF at Signal Hill, i.e. the Cherry Hill fault and the Northeast Flank fault, and parallel to the dip-slip Pickler fault. Wells shown are projected from within 35m distance.
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Figure 3: 3D model of the Signal Hill restraining bend, featuring 
its three distinct faults and newly mapped surface traces.
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KEY TAKEAWAYS 
Direct picks of the Cherry Hill fault are located to the 
northeast of its surface trace, indicating it is 
non-vertical, and has a dip of ~81°  to the northeast.

Direct picks of the Northeast Flank fault fall west of 
its surface trace, indicating it dips ~81° to the 
southwest.

Direct well picks and field mappings of the Pickler 
fault locate the subsurface fault southeast of its 
surface trace. It dips significantly, ~78° to the 
southeast, and hosts pure dip-slip.

The dip-slip Pickler fault duplicates the K and Brown 
Zone horizons, of mid-Late Lower Pliocene age.

The dip-slip Pickler fault presents a hard linkage, or 
direct physical connection, between the pure 
strike-slip splays on either side of it.
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