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The California Continental Borderland (CCB) offshore southern California accommodates ~20% of 

Pacific-North American (P-NA) plate motion [1,2]. It has experienced several M5+ events [3,4] and hosts 

long, continuous fault zones capable of generating M7+ earthquakes [5,6] and potentially tsunamis [7-

8](Fig.1). Despite the hazard they pose to densely populated coastal regions, faults in the CCB are less 

well understood than their onshore counterparts. For example, CCB fault slip rates and recurrence 

intervals are poorly defined and little is known about potential interactions among CCB fault systems. 

Additionally, the location of the CCB offshore offers an opportunity to employ innovative marine 

technologies across a broad region of continental faulting and in a depositional setting. Expansion of a 

national earthquake center's natural laboratory to include the CCB would address questions about long-

term and recent plate boundary evolution and how current plate motion is distributed across the broad 

zone of faulting that represents the active plate boundary in southern California.

  
The highly complex structure of the CCB, and its location offshore, provide a unique opportunity to 

study step-over geometry, multi-segment ruptures, and the role these boundaries play in rupture initiation 

and termination. Resolving the hypotheses for multi-segment ruptures, particularly in the coastal Newport 

Inglewood-Rose Canyon fault zone (NI-RC), will be crucial for seismic hazard assessment for the densely 

populated coastal zones of Los Angeles, San Diego, and Tijuana, Mexico. The CCB is a region of 

deposition, so a more complete record of plate boundary deformation and fault interaction is preserved, as 

well as a dated syntectonic stratigraphy that can document dates and rates of active crustal deformation. 

Additionally, marine seismic methods are more efficient at mapping fault zone geometry over large 

distances compared to onshore methods. Nevertheless, the scarcity of slip rates and dearth of paleoseismic 

data for faults in the CCB mean that the recurrence intervals, dates of most recent events, event size, and 

pre-historic rupture patterns are mostly unknown. Evaluating the timing of events would contribute to 

improved understanding of earthquake cycles and transfer of slip between fault segments with variable 

geometry. Furthermore, differences between onshore and offshore regions of southern California are 

important for models of earthquake processes across the P-NA plate boundary.  

There are several mechanisms to advance research on faulting and earthquakes in the CCB and 

incorporate this important region into the next earthquake center natural laboratory: 

 

Fig. 1. Map of CCB structures and 

focal mechanisms (Legg et al., 2105) 

showing transpressional deformation 

in the north partitioned into strike-slip 

faults and oblique reverse faults. SAF 

= San Andreas fault, ABF = Agua 

Blanca fault,  NIRC = Newport 

Inglewood-Rose Canyon fault; SCF = 

San Clemente fault, SCCR = Santa 

Cruz-Catalina Ridge, Ferrelo, EK = 

Emery Knoll crater; DB = Dall Bank; 

SDT = San Diego Trough, CAT = 

Santa Catalina Island, CB = Cortes 

Bank, TB = Tanner Bank, SRI = Santa 

Rosa Island, SCz = Santa Cruz Island, 

SNI = San Nicolas Island, SBM = San 

Bernardino Mountains, SD = San 

Diego, ENS = Ensenada, SCB = San 

Clemente Basin, SIB = San Isidro 

Basin, SCI = San Clemente Island, SQ 

= San Quintin, LA = Los Angeles, PS 

= Palm Springs, CP = Cerro Prieto. 



1. Seismic reflection data. Higher density and improved quality seismic reflection and bathymetric 

data are important for mapping fault structures and related syntectonic stratigraphy, identifying which 

faults are active, quantifying slip rates, and determining paleoseismic history. 3D reflection data across 

segment boundaries would provide detailed fault geometry at these important locations that would be 

difficult to obtain onshore. Very high-resolution data collected from AUVs and ROVs are a proven 

method for determining horizontal slip rates on deep water fault systems [9,10]. Currently, only two such 

slip rate estimates exist in the CCB, and others are urgently needed. Investigations using more extensive 

seismic reflection data could also help resolve paleoseismic history through indirect evidence from 

earthquake triggered event deposits, or where a component of vertical offset records multiple events in 

cross section, potentially at releasing bends or steps. In all cases, high-resolution geophysical data need to 

be accompanied by sediment coring to provide age controls on observed deformation. 

2. Offshore infrastructure. There are now several seafloor observatories around the world where an array 

of instruments is deployed and data are fed back to shore through fiber-optic cables (e.g., VENUS – 

Salish Sea, British Columbia; Cambridge Bay, Arctic Ocean; MARS – Monterey Bay, CA) (Fig. 2). 

These observatories are instrumented with tools valuable to a wide variety of disciplines including marine 

biology, physical oceanography, and earth science. The MARS observatory includes geodetic and seismic 

sensors, as well as hydrophones, which recently recorded the October 17, 2019, M4.7 earthquake from the 

San Francisco Bay area. Such instrumentation is lacking in the CCB, but could be a huge step forward in 

understanding offshore earthquake processes. Such a system could be coordinated by the next earthquake 

center and other agencies interested in offshore processes (e.g., NOAA, U.S. Navy, Scripps Institution of 

Oceanography). Additionally, fiber-optic cables themselves can 

provide data on seismicity and opportunities exist to utilize such 

data from existing cable systems across the CCB.  

Given the complex crustal structure in the CCB, deployment 

of additional seismometers on offshore islands and ocean-bottom 

seismometers (OBS) across the CCB would provide crucial data to 

determine accurate 3D seismic velocity structure offshore and 

more accurate/precise location of seismicity and depth of faulting. 

A permanent OBS array could be deployed in critical locations 

where data are most lacking. Seafloor GPS instrumentation has 
also recently been developed that could be deployed long-term 

across the CCB to determine geodetic slip across offshore fault 

zones. 

3. Onshore-offshore efforts. Within the CCB, the coastal fault zone (including the NI-RC) stands out 

both for its potential hazard, being located closest to the coastline and trending onshore into major 

metropolitan areas, and for its potential opportunities to learn about earthquake processes in the region. 

The entire coastal fault zone extends from the Agua Blanca fault onshore in Baja, Mexico, north along the 

Baja coastline as the Descanso and Silver Strand fault zones, and then onto the Rose Canyon and Newport 

Inglewood fault zones to the north all the way to Los Angeles County (Fig.1). Along this length, the fault 

zone steps on and offshore in numerous places, including a large releasing step-over at San Diego Bay. 
Work along the coastal fault zone could take advantage of the benefits of both onshore and offshore fault 

investigations. One potential focus site is near the mouth of the Santa Ana River, where the principal 

displacement zone shifts from offshore to onshore. The complex zone of faulting displays evidence of 

transtension in shallow geologic structure and signifies potential Earthquake Gate characteristics if the 

1933 Long Beach earthquake stopped at this location. Earthquake rupture processes may be also affected 

by variable fluid pressures in the overstep. This step occurs at the coastline where onshore and offshore 

efforts could be combined to map 3D structure that can be incorporated into dynamic rupture models. 

Farther south, a coastal fault that may link with the Silver Strand fault to the north steps onshore at Punta 

Salsipuedes, Baja, where a road cut exposes offset stratigraphy that could be used to reconstruct a 

paleoseismic record for this segment of the coastal fault system for comparison with records to the north 

Fig. 2: The Monterey Accelerated Research 

System (MARS). (https://www.mbari.org/at-

sea/cabled-observatory/) 



and south. Additional studies on the fault zones in northern Baja and offshore where paleoseismic data are 

missing would fill important gaps in our current understanding of the coastal fault zone. Furthermore, 

interactions between high- and low-angle faults occur near the coast, so onshore-offshore seismic imaging 

projects could be critical to properly resolving the nature and geometry of this fault interaction. 

4. Seismicity patterns. Improved earthquake locations through the use of new methods, or improved 

offshore infrastructure would also open the CCB to more research on spatial and temporal seismicity 

patterns. These types of studies could lead to identification of repeating events or possible precursory 

activity to larger events. The 1986 Oceanside earthquake is an interesting event that occurred at a 

restraining step on the San Diego Trough fault (Fig.1) and included numerous fore and aftershocks across 

a 15-20 km wide vertical zone of activity [4,5]. This step is also characterized by high- and low-angle 

faults and an active methane gas seep at the seafloor, offering an opportunity to investigate a fault 

segment boundary that was the site of rupture initiation, interesting seismicity patterns, fault interactions, 

and the relationship between active fluid seepage and seismicity. Additionally, the Outer Borderland 

region exhibits evidence of on-going seismic activity (Fig.1) [5], including the 2012 M6.3 earthquake 

within the oceanic lithosphere west of the Patton Escarpment, and the 2018 M5.3 earthquake near Santa 

Rosa Ridge, but seismicity patterns have only been initially explored. Additional instrumentation, as 

discussed previously, would enhance understanding of ongoing seismicity across the CCB. 

An earthquake center that integrates the CCB as part of a natural laboratory spanning the entire P-

NA plate boundary would advance the frontiers of earthquake science by addressing questions at the plate 

boundary scale. The southern P-NA plate boundary is particularly interesting in its broad zone of faulting 

(~400 km) and its extension across both onshore and offshore environments. Given the differences 

between the onshore and offshore portions of the P-NA plate boundary (e.g., geology, slip rates, fault 

complexity, rheology, fluids), it is reasonable to hypothesize that earthquake processes also differ. To 

achieve the earthquake science communities’ long-term goal of improving the predictability of earthquake 

system models, it is vital to include complete boundary conditions and data from fault systems with 

variable properties. From the CCB, data to support these models are severely lacking, but opportunities 

exist to study fault systems in ways that are not feasible onshore. Such a center could coordinate vital 

instrumentation of the seafloor, working with partners across interdisciplinary marine science fields, to 

connect with data from existing onshore infrastructure. This center would provide an unprecedented 

dataset to investigate fault behavior in the context of plate boundary evolution. 
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