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Geologic and seismotectonic setting
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2014 Surface Rupture
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WNF Paleoseismic Sites
1§ South Avenue (Dawson et al.)

§ Napa Oaks (Seitz et al.)

§ Buhman Ave (Dawson et al.)

§ Hendry Winery (Prentice et al.)

§ Napa County Airport
(Wesling and Hanson)

§ Alston Park 
(Rubin and Dawson)
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South Ave trench site

Napa



South Ave trench site

Older shears
truncated at base 
of A-horizon

Truncated gravel,
suggests meters(?)
of lateral slip

2014 rupture



South Ave trench site

Napa

Preliminary findings:

• Based on soil development, 
surface is very old (>10 ka), likely 
>100 ka

• Evidence for previous fault 
movement prior to 2014.

• Due to lack of deposition since soil 
was developed, number of 
earthquakes difficult to constrain.  

• Is the pervasive shear fabric in the 
soil due to coseismic slip from 
multiple earthquakes, or is it 
characteristic of afterslip or creep?



Napa Oaks site (Seitz et al.)

Courtesy of Gordon Seitz



Napa Oaks site (Seitz et al.)

Courtesy of Gordon Seitz

• On this easternmost surface rupture 
trace E, previous displacements during 
the past 15 ka were significantly larger.

• 3 events predating 2014 were 
recognized: 

• Event 2: 4 ka, 
• Event 3: 6.5 ka
• Event 4: ~14 ka

• The 2014 right-lateral displacement 
was 6 cm with 1 cm down to the east. 
Using this ratio, the cumulative slip is 
about 6 m, which results in single 
event offsets in the few meter range, 
larger than any 2014 displacements 
along the primary strand that ruptured 
in 2014.

• Trace with very little geomorphic 
expression preserves the best record 
of earthquakes along the WNF.



Buhman Avenue

T2

T-1,	located	across	pre-
existing	scarp



Buhman Avenue	Trench	Site	– Napa,	CA

• 31.5	+/- 3.2	cm	right-lateral	slip	in	2014
• Majority	of	slip	within	zone	<	3	meters	

wide.
• Occurred	along	a	pre-existing	2	m-high	

scarp
• Mostly	co-seismic?



Buhman Avenue Site

• 2014 faulting poorly expressed in upper 
meter.

• Well developed shear surfaces, 
juxtaposition of units indicate one or 
more episodes of faulting prior to 2014.

• Section dated to ~8000 BP, so pre-2014 
faulting is Holocene



Hendry Winery
(Prentice et al., 2015)

• 2014 faulting poorly expressed in upper meter.

• Quite possible this event would go unrecognized 
had we not known the location of the 2014 
rupture.

• Section dated to ~6000 BP

• Are we missing other small slip events?



Recognition of faults in trench exposures
§ Obscure faults, die-out up, die out down

§ Bonilla and Lienkaemper (1991) examined 163 trench exposures and 
concluded 45% of faults (and up to 70% of s-s and reverse faults) die-out 
up, indicating that an apparently unfaulted deposit is not necessarily an 
indicator of a deposit unaffected by faulting.

§ Resolution influenced by amount of slip, stratigraphy, material properties



Challenges to WNF Characterization

1
§ Despite a concerted effort to develop paleoseismic

data along the WNF, still many questions regarding 
how this system behaves.
• MRE? timing of events on different strands? recurrence? relative 

magnitudes? slip rate?

§ Distributed nature north of American Canyon – Need 
to account for multiple fault strands which may have 
different histories.

§ Low slip rate on individual strands? – Expression of 
active faulting appears to be subdued north of 
American Canyon and has been challenging to 
characterize.

§ Questions regarding event resolvability:
• 2014 difficult to resolve geologically in many of the trenches, 

and questionable if they could be observed without knowing 
where the 2014 was.

§ What does this mean for other paleoseismic sites?
• Are we potentially undercounting earthquakes? (I think so).
• How do we balance “under-counting” with “over-counting”, (see 

Dave Jackson’s Monday talk)
• How do we address the issue of event resolvability in 

paleoseismology?
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