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NSHM Fault Sources Northern 
California
• USGS National Seismic Hazard Model 

(NSHM) fault sections are the 
mapped, characterized sources used 
to forecast ground shaking 
nationwide.

• Each section carries a geometry 
(surface trace, dip, rake) plus a slip 
rate and recurrence estimate that 
drive the hazard calculation.

• Northern California is dominated by 
the San Andreas system: San 
Andreas, Maacama, Bartlett Springs, 
and Rodgers Creek–Hayward.



Quaternary Fault & 
Fold Database
• Faults with evidence of 

movement in roughly 
the last 1.6 million 
years. the source pool 
the NSHM draws from.

• Every trace carries age 
of last movement, slip 
rate, slip sense, 
mapping scale, and a 
literature citation.

• A line-type attribute 
flags positional 
certainty; many 
northern California 
offshore traces are only 
“approximately 
located.”





Multibeam, ~1,600 km²
• OSU: 240 kHz Reson 8101. Fugro Pelagos: Reson 7125 

at 200 and 400 kHz
• Gridded at 2 m inside state waters, 15 m outside
Seismic, 1,605 km
• Single-channel minisparker, 120 SAF crossings at ~1 

km line spacing
• Source spectrum ~200 to 1,600 Hz, vertical resolution 

commonly ~1 m
• Shots every 0.5 s, 1 s on the deeper lines at the head of 

Noyo Canyon; at 4 to 4.5 kn that is a trace every 1 to 2 
m

• Water depths mostly 50 to 150 m, as shallow as 10 m 
nearshore and to 500 m in Noyo Canyon

• Recorded to SEG-Y through a Triton Subbottom Logger
• Processed in SIOSEIS and Seismic Unix: bandpass, 

mute, AGC, water-bottom detect, swell correction. 
Interpreted in IHS Kingdom

Magnetics, 2012 only
• Geometrics G-882 cesium vapour magnetometer, 

south flank of Cape Mendocino only
• 500 m line spacing along the seismic tracks plus fill-in 

lines, 10 Hz, smoothed to ~10 m along-track to 
suppress minisparker noise

• Aeromagnetics from Langenheim et al. (2013), gridded 
at 50 m by minimum curvature



S/V Derek M. Baylis — 2010 and 2012 NSAF Campaigns
• 65-ft sail-powered research vessel; efficient hull and rig held average 

fuel burn near 1.6 gal/hr, a small fraction of a conventional research 
ship.

• Reson 8101 multibeam echosounder mounted on a purpose-built 
pole below the keel, clear of hull noise and bubble sweep.

• Minisparker and chirp seismic reflection run in tandem with the 
multibeam to image fault geometry and shallow stratigraphy.

• The 2010 (NOAA Ocean Exploration) and 2012 campaigns delivered 
the first comprehensive high-resolution mapping of the offshore 
northern San Andreas.



Sam Johnson, USGS retired

Chris Goldfinger,
 OSU retired (mostly)



High quality single-channel seismic data resolves faulting and subsurface stratigraphy well.

















Kongsberg SBP29 Sub-Bottom Profiler: New to the UNOLS Fleet
Next-generation narrow-beam sub-bottom profiler, successor to the SBP 120 / SBP 300, integrated with the EM 124 / 
EM 304 multibeam echosounders already installed on UNOLS vessels.

2–9 kHz sweep
Wideband chirp with 
improved range resolution, 
usable to full ocean depth.

3° × 3° beams
Dedicated transmit array in 
3°, 6° or 12° configurations 
(96 elements at 3°).

Slope robustness
Multiple across-track beams 
and steerable transmit 
angles hold returns on 
dipping strata.

Composite echogram
Best signal-to-noise traces 
from all beams merged into 
one section.

• Operates simultaneously with the multibeam, a sub-
bottom section on every mapping line.

• Echoes received through the existing EM 124 / EM 304 
receiver; no separate receive hardware.

• Penetration of hundreds of metres, depending on 
sediment type.

• Fleet-wide installation (mostly)



Post-LGM Sediment Thickness, Point Arena to Point Delgada

• Unit H thickness ranges from 0 to 64 m and is highly variable, not a 
uniform shelf blanket.

• Thickest fill sits in fault-bounded transtensional basins such as Noyo 
basin.

• Bedrock platforms and transpressional uplifts carry thin to no post-
LGM cover.

• Depocenter migration implies SAF lateral slip of 10–19 mm/yr over 
the past ~350 k.y.



1906 rupture?







Collection Overview: The EarthScope 
Northern California Lidar project acquired 
high resolution airborne laser swath mapping 
imagery along major active faults as part of 
the EarthScope Facility project funded by the 
National Science Foundation (NSF). Between 
this project and the previously conducted B4 
project, also funded by NSF, the entire San 
Andreas fault system has now been imaged 
with high resolution airborne lidar, along with 
many other important geologic features. 
EarthScope is funded by NSF and conducted 
in partnership with the USGS and NASA. 
GeoEarthScope is a component of 
EarthScope that includes the acquisition of 
aerial and satellite imagery and 
geochronology. EarthScope is managed 
at UNAVCO.

https://portal.opentopography.org/datasetM
etadata?otCollectionID=OT.052008.32610.1

http://www.unavco.org/
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Recommendation
• The offshore NSAF warrants the same data 

standard as the onshore fault system 
continuous, high-resolution imaging on par 
with the EarthScope and B4 lidar coverage.

• The 2010 and 2012 Baylis surveys were 
opportunistic: pole-mounted sonar on a sailing 
vessel, variable line spacing, and sea-state 
limits. Useful, but not a definitive baseline.

• A purpose-built survey should pair full-
coverage high-resolution multibeam with co-
registered sub-bottom profiling along the entire 
offshore trace.

• A targeted, dense SBP network across fault 
bends, transtensional basins, and bedrock 
platforms would resolve Quaternary tectonic 
deformation and slip history.

• Offshore fault geometry and slip-rate 
constraints robust enough to feed the 
Quaternary Fault Database and the NSHM.





Goldfinger et al. (2025): Partial Synchronization of the 
NSAF and Cascadia

Analysis
• correlating deep-sea turbidite records across the Mendocino 

Triple Junction.

• Cores spanning ~3,100 years, read with CT imaging and 
radiocarbon age-depth models.

• Historic beds from 1906 (NSAF) and 1980/1992 (Cascadia) 
calibrate the chronology.

Results
• Just over half of 18 southern Cascadia turbidites pair in time 

with NSAF events.

• Near the triple junction, recurrence is not additive — it matches 
either fault alone.

• Three cases in 1,500 years, most recently 1700 CE, imply 
ruptures minutes to hours apart.

Turbidite depositional model
• “Doublet” beds are two stacked turbidites, one sourced from 

each fault system.

• Inverted stratigraphy shows the second flow arrived before the 
first had settled.

• Triggering works both ways across the triple junction.

Implications
• A Cascadia megathrust rupture may promptly trigger the 

northern San Andreas.

• Compound scenario affecting nearly the entire U.S. Pacific 
coast at once.

• Raises the value of dense offshore imaging and coring to test 
the triggering hypothesis.







How the Doublet Model Works
• Cutaway 3D block through the Mendocino Triple Junction: the 

Gorda / Juan de Fuca plate subducting on the north side, the 
Pacific plate and the San Andreas on the south.

• The framed insets are CT images of sediment cores, one from 
each side of the junction; bright colors mark coarse, high-density 
turbidite sand.

• Panel A, a Cascadia megathrust rupture shakes the southern 
subduction zone, and only the Cascadia-side core records a 
fresh turbidite bed.

• Panel B , the San Andreas ruptures shortly after (highlighted 
segment), and the southern core now carries a second bed 
stacked on the first.

• Because the second flow arrives before the first has finished 
settling, the pair is preserved as a doublet with inverted grading 
rather than two separate beds.

• That stacking is the physical argument for closely spaced 
ruptures, and it explains why recurrence near the junction 
matches one fault rather than the sum of both.



Wrap-Up it up jeff.
The Offshore Northern San Andreas

• Is there an offshore strand linking the San Andreas to the Mendocino Triple 
Junction? To date no such structure has been imaged.

• Have we cornered the fault into the surf zone north of Shelter Cove, offshore the 
King Range? Possibly, whether that zone can be imaged is the open technical question.

• From Point Arena to Shelter Cove the San Andreas is a narrow, continuous offshore 
strand roughly 1 km wide.

• With modern mapping and imaging tools, a comprehensive 3D view of active 
deformation along this offshore section is achievable.

• More coring and paleoseismic investigation is needed to refine correlations and age 
dating, and to test the synchronous-rupture scenario.

• Better fault models mean better stress-transfer and earthquake-triggering models.
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