
DYNAMIC RUPTURE MODELING 
OF THE NEWPORT INGLEWOOD 
FAULT: EXPLAINING COMPLEX 
RUPTURE PATHS
DAVID OGLESBY (UCR)

NATASHA TOGHRAMADJIAN, ANDREAS PLESCH, JOHN SHAW (HARVARD)

WENQIANG ZHANG (STANFORD)

UNREST WORKSHOP
JUNE 3, 2026



3D FAULT STRUCTURE IN SIGNAL HILL REGION OF 
NEWPORT-INGLEWOOD FAULT

normal or reverse offset. The Reservoir Hill fault trends
N40°W through southern Long Beach (Fig. 6) and continues
to the southeast as the Seal Beach fault, where it represents the
primary, throughgoing strike-slip NIF strand (Fig. 4). Within
the Long Beach segment, landforms suggest that displacement
of Pleistocene strata across the Reservoir Hill fault decreases
to the southeast (Poland, 1956). Poland (1956) estimates that
the Reservoir Hill fault was inactive during accumulation of
the upper Pico and San Pedro formations (the latter containing
the water-bearing Silverado unit), and it displaced the San
Pedro Formation about 85 m, after the fault became active
in the Pleistocene. In the Seal Beach segment of the NIF,
the fault laterally offsets plunging anticlines, generating vertical
separations of subsurface horizons.

North of its intersection with the Cherry Hill fault, the
Reservoir Hill fault has a ∼3.5 km surface trace mapped in
QFaults (Fig. 6). After meeting the Cherry Hill fault, the
Reservoir Hill fault continues as the Seal Beach fault for at least
3.7 km to the southeast to Gum Grove Park in Seal Beach. The

extent of the fault to the southeast of this area is unknown, as
the NIF bends and transitions to a broad set of splays within
the Huntington Beach segment (Fig. 1).

The Reservoir Hill fault is mapped in the map of Poland
(1956) of the Silverado aquifer base in Long Beach and defined
by offset of Pliocene and Miocene units in Long Beach. To the
southeast, the Seal Beach fault is directly penetrated by six oil
wells and has mapped offsets in the Lower Pliocene Selover
(California Division of Mines and Jenkins, 1943) and the
MioceneMcGrath units (Harding, 1973;Wright, 1991). The fault
is well-imaged in three seismic reflection surveys that cross it in
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Figure 6. 3D model of the seven interconnected faults that comprise the Long
Beach segment of the NIF. The Reservoir Hill fault becomes the Seal Beach
fault, as it continues to the southeast into the Seal Beach fault segment of
the NIF. In color, the 3D faulted horizon surface of the late Lower Pliocene
age Brown unit, with depth below sea level indicated by the rainbow scale,
showing vertical separation across each of the faults in the Long Beach
system and indicating respective fault displacements.
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MULTIPLE RUPTURE PATHS AND CUMULATIVE FAULT SLIP 
INFERRED FROM SURFACE AND HORIZON DEFORMATION

[Toghramadjian and 
Shaw, 2024] 

the Reservoir Hill fault via the Brine reverse fault onto the
Northeast Flank fault. This ≈166 m of displacement, in turn,
is transferred onto the Cherry Hill fault through a second left
step in the system accommodated by the Pickler fault, which
forms Signal Hill. For the Cherry Hill fault north of Signal Hill
and beyond the restraining bend system, right-lateral strike-
slip separation is reported by Bater (1993). For a range of
Pliocene units, Bater (1993) measured along-fault distance
between subsurface contours of equal depth to calculate hori-
zontal separation. For the Brown horizon—the stratigraphic
unit we restore in our analysis—he reports ∼375 m of right-
lateral separation. Given that this slip is greater than the amount
fed onto the Cherry Hill fault through the Pickler Fault (375 vs.
166 m), it implies that some slip passes along the southern part
of the Cherry Hill fault and bypasses the Reservoir Hill and
Signal Hill restraining bends completely (Fig. 8).

The pattern of slip resolved in our analysis suggests that
there are several viable earthquake rupture pathways involving
the Long Beach fault segment of the NIF (Fig. 9). Earthquakes
could terminate at the northwestern limit of the Reservoir Hill
or Northeast Flank faults in the vicinity of the Brine or Pickler
reverse faults, respectively, where strike slip is consumed in
uplift and folding. Such rupture scenarios best match the

1933 M 6.4 Long Beach earthquake, which is thought to have
terminated at Signal Hill based on observed ground motions
(Hough and Graves, 2020) and aftershock distribution
(Hauksson and Gross, 1991). Alternatively, ruptures of greater
energy could potentially extend through the systems along these
same hard-linkage fault pathways. Specifically, they could
rupture the Reservoir Hill and/or Northeast Flank faults, and
have displacement pass onto the northern Cherry Hill fault
segment. Alternatively, or in addition, events could rupture
solely on the Cherry Hill fault, bypassing the restraining bends
entirely. Our analysis suggests that about 18% of displacement,
and by inference seismic moment release, has occurred along the
Reservoir Hill fault, whereas 27% of displacement has occurred
on the Northeast Flank fault. This suggests that about 55% of
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Figure 9. Slip partitioning, rupture pathways, and earthquake gates in the
Long Beach restraining bend system. Different proportions of total slip
measured across the Long Beach fault network over geologic time are
indicated by proportionally scaled path widths (white). These distinct total
strike-slip quantities per fault, along with the various hard-linkage con-
nections (pathways) and earthquake gates (arrest points) resolved, gives
insight into the complex range of viable rupture scenarios here. Satellite
imagery is from Google Maps.
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THEORETICAL BACKGROUND: FORWARD AND 
BACKWARD BRANCHING

the Reservoir Hill fault via the Brine reverse fault onto the
Northeast Flank fault. This ≈166 m of displacement, in turn,
is transferred onto the Cherry Hill fault through a second left
step in the system accommodated by the Pickler fault, which
forms Signal Hill. For the Cherry Hill fault north of Signal Hill
and beyond the restraining bend system, right-lateral strike-
slip separation is reported by Bater (1993). For a range of
Pliocene units, Bater (1993) measured along-fault distance
between subsurface contours of equal depth to calculate hori-
zontal separation. For the Brown horizon—the stratigraphic
unit we restore in our analysis—he reports ∼375 m of right-
lateral separation. Given that this slip is greater than the amount
fed onto the Cherry Hill fault through the Pickler Fault (375 vs.
166 m), it implies that some slip passes along the southern part
of the Cherry Hill fault and bypasses the Reservoir Hill and
Signal Hill restraining bends completely (Fig. 8).

The pattern of slip resolved in our analysis suggests that
there are several viable earthquake rupture pathways involving
the Long Beach fault segment of the NIF (Fig. 9). Earthquakes
could terminate at the northwestern limit of the Reservoir Hill
or Northeast Flank faults in the vicinity of the Brine or Pickler
reverse faults, respectively, where strike slip is consumed in
uplift and folding. Such rupture scenarios best match the

1933 M 6.4 Long Beach earthquake, which is thought to have
terminated at Signal Hill based on observed ground motions
(Hough and Graves, 2020) and aftershock distribution
(Hauksson and Gross, 1991). Alternatively, ruptures of greater
energy could potentially extend through the systems along these
same hard-linkage fault pathways. Specifically, they could
rupture the Reservoir Hill and/or Northeast Flank faults, and
have displacement pass onto the northern Cherry Hill fault
segment. Alternatively, or in addition, events could rupture
solely on the Cherry Hill fault, bypassing the restraining bends
entirely. Our analysis suggests that about 18% of displacement,
and by inference seismic moment release, has occurred along the
Reservoir Hill fault, whereas 27% of displacement has occurred
on the Northeast Flank fault. This suggests that about 55% of
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Figure 9. Slip partitioning, rupture pathways, and earthquake gates in the
Long Beach restraining bend system. Different proportions of total slip
measured across the Long Beach fault network over geologic time are
indicated by proportionally scaled path widths (white). These distinct total
strike-slip quantities per fault, along with the various hard-linkage con-
nections (pathways) and earthquake gates (arrest points) resolved, gives
insight into the complex range of viable rupture scenarios here. Satellite
imagery is from Google Maps.
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THEORETICAL BACKGROUND: FORWARD AND 
BACKWARD BRANCHING

the Reservoir Hill fault via the Brine reverse fault onto the
Northeast Flank fault. This ≈166 m of displacement, in turn,
is transferred onto the Cherry Hill fault through a second left
step in the system accommodated by the Pickler fault, which
forms Signal Hill. For the Cherry Hill fault north of Signal Hill
and beyond the restraining bend system, right-lateral strike-
slip separation is reported by Bater (1993). For a range of
Pliocene units, Bater (1993) measured along-fault distance
between subsurface contours of equal depth to calculate hori-
zontal separation. For the Brown horizon—the stratigraphic
unit we restore in our analysis—he reports ∼375 m of right-
lateral separation. Given that this slip is greater than the amount
fed onto the Cherry Hill fault through the Pickler Fault (375 vs.
166 m), it implies that some slip passes along the southern part
of the Cherry Hill fault and bypasses the Reservoir Hill and
Signal Hill restraining bends completely (Fig. 8).

The pattern of slip resolved in our analysis suggests that
there are several viable earthquake rupture pathways involving
the Long Beach fault segment of the NIF (Fig. 9). Earthquakes
could terminate at the northwestern limit of the Reservoir Hill
or Northeast Flank faults in the vicinity of the Brine or Pickler
reverse faults, respectively, where strike slip is consumed in
uplift and folding. Such rupture scenarios best match the

1933 M 6.4 Long Beach earthquake, which is thought to have
terminated at Signal Hill based on observed ground motions
(Hough and Graves, 2020) and aftershock distribution
(Hauksson and Gross, 1991). Alternatively, ruptures of greater
energy could potentially extend through the systems along these
same hard-linkage fault pathways. Specifically, they could
rupture the Reservoir Hill and/or Northeast Flank faults, and
have displacement pass onto the northern Cherry Hill fault
segment. Alternatively, or in addition, events could rupture
solely on the Cherry Hill fault, bypassing the restraining bends
entirely. Our analysis suggests that about 18% of displacement,
and by inference seismic moment release, has occurred along the
Reservoir Hill fault, whereas 27% of displacement has occurred
on the Northeast Flank fault. This suggests that about 55% of
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Figure 9. Slip partitioning, rupture pathways, and earthquake gates in the
Long Beach restraining bend system. Different proportions of total slip
measured across the Long Beach fault network over geologic time are
indicated by proportionally scaled path widths (white). These distinct total
strike-slip quantities per fault, along with the various hard-linkage con-
nections (pathways) and earthquake gates (arrest points) resolved, gives
insight into the complex range of viable rupture scenarios here. Satellite
imagery is from Google Maps.
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DYNAMIC EARTHQUAKE RUPTURE MODELING WITH MIXED-FLUX-BASED NODAL 
DISCONTINUOUS GALERKIN METHOD
(ZHANG ET AL., 2023)

Static friction 0.6
Dynamic friction 0.1
Slip weakening 0.2 m
Homogeneous density 2670 kg/m3

Homogeneous VP 6000 m/s
Homogeneous VS 3464 m/s
Mesh size on faults ~78 m
Expanded mesh near 
edge of model

~5000 m

Adapted from 
SCEC CVM-H
[Shaw et al., 2024] 

SCEC CSM
[Hardebeck et al., 2023] 



RESULTS: NUCLEATION SOUTHEAST OF BRANCH



RESULTS: NUCLEATION SOUTHEAST
OF BRANCH

magnitudes are directly influenced by the size (i.e., rupture
length and area), segmentation, and connectivity of faults.
Wesnousky (2008) empirically observed that faults’ geometric
complexity is a primary control on the final length of earth-
quake ruptures. This has also been seen in numerical experi-
ments. In modeling the dynamics of 3D strike-slip systems,
Oglesby (2005) found that the presence of a linking dip-slip
fault greatly increases a rupture’s ability to propagate across
stepovers and lead to larger earthquakes. A strike-slip system
represented as a single, vertical fault versus as a multistranded,
dipping system with linking dip-slip faults pose notably differ-
ent rupture possibilities. A good knowledge of fault geometry
thus underpins seismic hazard assessment. At present, the NIF
is represented in regional seismic hazard studies, namely, the
Third Uniform California Earthquake Rupture Forecast
(UCERF3, Field et al., 2017) and the 2023 National Seismic
Hazard Model (NSHM, Hatem et al., 2021) fault sections data-
base, as a single-strand vertical fault. The fault’s 3D represen-
tation in the Southern California Earthquake Center’s
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Figure 1. Regional setting of the Newport–Inglewood fault (NIF) within the Los
Angeles metropolitan area and sedimentary basin. Red lines indicate the
Quaternary active fault surface traces of the NIF as mapped in U.S. Geological
Survey (USGS) QFaults. NIF fault segments, which correspond with oil fields of
the same names, are outlined in purple. The epicenter of the 1933 M 6.4
Long Beach earthquake is indicated by the yellow–blue focal mechanism plot
(upper hemisphere projection). The location of the largest aftershock, an
M 5.4 event that occurred seven months later, just north of Signal Hill, is
marked by the turquoise star. This is also immediately near the northernmost
extents of both the aftershock zone mapped by Hauksson and Gross (1991)
and the most likely rupture patch Hough and Graves (2020) modeled for the
mainshock. Numbers indicate key reference points and sites of paleoseismic
studies along the NIF: 1, Dominguez Hills, the transition point in seismicity
styles along the NIF as per Hauksson (1987). 2, site of Leeper et al. (2017)
paleoseismology study in Seal Beach saltmarsh. 3, site of Grant et al. (1997)
paleoseismology study within a right step in the North Branch fault in the
Bolsa Chica State Conservation Area. 4, site of Shlemon et al. (1995)
paleoseismology study of the North Branch fault, in the Santa Ana River
floodplain. Inset shows the Long Beach restraining bend system of the NIF.
QFaults traces (red) are left-stepping, discontinuous, and subparallel splays.
Uplift within these left steps forms Signal Hill and Reservoir Hill (topography
shown in yellow to red). Satellite imagery is from Google Maps.
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RESULTS: NUCLEATION NORTHWEST OF BRANCH



RESULTS: NUCLEATION NORTHWEST
OF BRANCH

magnitudes are directly influenced by the size (i.e., rupture
length and area), segmentation, and connectivity of faults.
Wesnousky (2008) empirically observed that faults’ geometric
complexity is a primary control on the final length of earth-
quake ruptures. This has also been seen in numerical experi-
ments. In modeling the dynamics of 3D strike-slip systems,
Oglesby (2005) found that the presence of a linking dip-slip
fault greatly increases a rupture’s ability to propagate across
stepovers and lead to larger earthquakes. A strike-slip system
represented as a single, vertical fault versus as a multistranded,
dipping system with linking dip-slip faults pose notably differ-
ent rupture possibilities. A good knowledge of fault geometry
thus underpins seismic hazard assessment. At present, the NIF
is represented in regional seismic hazard studies, namely, the
Third Uniform California Earthquake Rupture Forecast
(UCERF3, Field et al., 2017) and the 2023 National Seismic
Hazard Model (NSHM, Hatem et al., 2021) fault sections data-
base, as a single-strand vertical fault. The fault’s 3D represen-
tation in the Southern California Earthquake Center’s
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Figure 1. Regional setting of the Newport–Inglewood fault (NIF) within the Los
Angeles metropolitan area and sedimentary basin. Red lines indicate the
Quaternary active fault surface traces of the NIF as mapped in U.S. Geological
Survey (USGS) QFaults. NIF fault segments, which correspond with oil fields of
the same names, are outlined in purple. The epicenter of the 1933 M 6.4
Long Beach earthquake is indicated by the yellow–blue focal mechanism plot
(upper hemisphere projection). The location of the largest aftershock, an
M 5.4 event that occurred seven months later, just north of Signal Hill, is
marked by the turquoise star. This is also immediately near the northernmost
extents of both the aftershock zone mapped by Hauksson and Gross (1991)
and the most likely rupture patch Hough and Graves (2020) modeled for the
mainshock. Numbers indicate key reference points and sites of paleoseismic
studies along the NIF: 1, Dominguez Hills, the transition point in seismicity
styles along the NIF as per Hauksson (1987). 2, site of Leeper et al. (2017)
paleoseismology study in Seal Beach saltmarsh. 3, site of Grant et al. (1997)
paleoseismology study within a right step in the North Branch fault in the
Bolsa Chica State Conservation Area. 4, site of Shlemon et al. (1995)
paleoseismology study of the North Branch fault, in the Santa Ana River
floodplain. Inset shows the Long Beach restraining bend system of the NIF.
QFaults traces (red) are left-stepping, discontinuous, and subparallel splays.
Uplift within these left steps forms Signal Hill and Reservoir Hill (topography
shown in yellow to red). Satellite imagery is from Google Maps.
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RESULTS: NUCLEATION SOUTHEAST OF BRANCH
BRANCH FAULTS CONSTRAINED NOT TO SLIP



DISCUSSION
• Branching behavior much more complex when branches 

are surficial and approached from below

• Geological uplift may place constraints on rupture 
directivity

• Small, near-surface branches may may serve as 
earthquake gates

• Approximate them away at our peril!


