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Abstract:  
     In the past several years, geologists have presented new evidence that the South San Cay-
etano, Ventura and Pitas Point thrust faults may ‘link together’ and rupture simultaneously in 
earthquakes far larger than had been previously believed. Paleo-seismic evidence onshore east of 
the Ventura Anticline suggests that coseismic vertical uplift in certain quakes on this linked fault 
reach at least seven meters. Because for much of their length, these faults lie under the Santa 
Barbara Channel, a thrust event of this size on the linked system could pose a serious and previ-
ously unrecognized hazard in the form of tsunami.  
 
     In 2014 I have been modeling rupture scenarios that arise from applications of ‘ALLCAL–
style’ physics-based earthquake simulations.  The idea is to see what types of ruptures might oc-
cur on this fault and what is required to generate the seven meter uplifts seen in the field.  Con-
currently the plan is to input certain of the simulated ruptures into calculations of tsunami and 
inundation. 
 
    Rupture simulations reveal that 1000 bar strengths are required on the Ventura-Pitas Point 
Fault to produce the seven meter uplifts observed by paleo-seismologists.  It remains to be seen 
whether such large coseismic stress drops could be acceptable to seismologists who infer the 
quantity from analysis of seismograms. 
 
Technical Report:  In following pages. 
 
Exemplary Figure: Figure 3. 
 
Exemplary Movie:  http://es.ucsc.edu/~ward/vent-pitas-10k-strong.mov 
 
 
 
Publications: 
“Seismic Slosh”   YouTube movie: 
 https://www.youtube.com/watch?v=-ztj-uw4_uo 
 
 “Ventura Tsunami”   YouTube movie: 
http://www.youtube.com/watch?v=8KMjgWpdJzk 
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Motivation 
 In the past several years, geologists have presented new evidence that the South San Cay-
etano, Ventura and Pitas Point thrust faults may ‘link together’ and rupture simultaneously in 
earthquakes far larger than had been previously believed. Paleo-seismic evidence onshore east of 
the Ventura Anticline suggests that coseismic vertical uplift in certain quakes on this linked fault 
reach at least seven meters. Because for much of their length, these faults lie under the Santa 
Barbara Channel, a thrust event of this size on the linked system could pose a serious and previ-
ously unrecognized hazard in the form of tsunami.  
 
     In 2014 I have been 
modeling rupture scenarios 
that arise from applications 
of ‘ALLCAL–style’ phys-
ics-based earthquake simu-
lations.  The idea is to see 
what types of ruptures might 
occur on this fault and what 
is required to generate the 
seven meter uplifts seen in 
the field.  Concurrently the 
plan is to input certain of the 
simulated ruptures into cal-
culations of tsunami and in-
undation. 
  
New Simulator Calculations. 
 Based on materials gathered at the SCEC/SFSG meeting in Ventura in August, 2013, I 
stitched together versions of the South San Cayetano, Ventura, Pitas Point faults into a continu-
ous fabric stretching 104 km east to west and 30 km down dip (Figure 1). The fault dips 45o and 
slips with a rake of 60o. A long-term slip rate of 3 mm/y [down dip average] is imposed all along 
strike. Slip tapers to zero at the east and west ends and at the fault bottom. Surface slip rates are 
somewhat higher (3.8 mm/y) than the 3 mm/y average value to account for the down dip taper. 
The simulator employs 2 x 2 km elements, numbering 780 for this single fault.  
      According to a representative Area-Magnitude relation  
  
                                                         M=4.2+log(fault area km2)       (1) 
 
a linked fault of (104 km x 30 km)= 3120 km2 should produce magnitude Mw=7.7 quakes. If slip 
was uniform over the fault, then it would amount to  
 
                                            S= 101.5x7.7+9.05 /( 3x1010  fault area(m2)) = 3.98x1020/9.38x1019  = 4.2 m   (2) 
 

 
Figure 1. View of the Santa Barbara Channel area showing the linked San Cay-
etano (red), Ventura (green) and Pitas Point (blue) faults as employed in the 
earthquake simulator. The rectangular fault elements are two by two km. 
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You can already see that there is a problem applying the usual scaling concepts.  Accounting for 
a 60o rake angle, about eight meters of slip is needed to generate the seven meters of uplift that 
the paleo-seismologists see. This is twice the slip expected by relations (1) and (2). Simply put-
ting eight meters of uniform slip over 3120 km2 fault would make for an unlikely large Mw=7.9 
quake. Something has to give. Probably, the often-applied Area-Magnitude relation (1) does not 
hold for thrust earthquakes like Ventura-Pitas Point. Possibly too, the assumption of uniform slip 
over the entire fault (2) is suspect. Much higher slips over a smaller area could keep magnitudes 
reasonable (Mw ~7.6) and at the same time match the paleo-seismically observed seven meters of 
co-seismic uplift. The ALLCAL simulator tries do this by adjusting the “strength” of the fault. 

Simulator Runs.  
     Two 10,000 year runs of the simulator were performed on the fault elements of Figure 1. One 
run (Figure 2) assigned a 500 bar fault strength, the other (Figure 3) assigned a 1000 bar fault 
strength. Movie links for the two simulations are provided in the text box on the next page. The 
movie simulations show the history of dynamic rupture of all M>6 events in the 10,000 years. 
The format of the movies is exemplified by the frames of Figure 2. Each frame has five panels. 
The top panel shows the current strength (green) and current stress (red) along the top edge of 
the fault.  The second panel shows the along strike and down dip distribution of current slip. The 
third panel shows the current slip rate. The forth panel shows the distribution of current stress 
normalized by the element’s strength. The fifth panel at the bottom shows current slip at the top 
of the fault. Time in years and time within the current rupture are shown at the top right. Current 

 
Figure 2.  Select frames from a 10,000 year run of ALLCAL on the Ventura-Pitas Point Fault with 500 bar 
strength. The frames show the surface offset, slip, slip rate, and stress state after several M>7 events. Surface slips 
(yellow, bottom panel) however, barely reached four meters with a 500 bar strength.  Note that the middle three 
panels look ‘face on’ at the 104 x 30 km fault surface. Find the movie link in the text box on Page 3. 
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static stress drop on the broken fault, maximum and average slip, and current magnitude are 
listed at the bottom right.  
 

 
 
Run #1 – 500 bar fault.  
    ALLCAL simulator employs a two parameter, velocity weakening friction. As the slip rate 
slows at any given location when it nears the end of active rupture, fault strength returns (heals) 
to its higher interseismic value. Velocity weakening is needed to mimic the pulse-like nature of 
slip that is observed seismically. Healed parts of the broken faults can then be restressed by slip 
elsewhere at currently active places.  Healing has two effects: (1) the static stress drop of earth-
quakes is generally far less (~40%) than the stated fault strength. (2) ALLCAL leaves faults with 
very heterogeneous stress fields. The latter point is made clear by looking at the normalized 
stress panels in Figure 2. Very complex initial stress patterns that exist in ALLCAL are largely 
ignored by 22most dynamic rupture simulators. Areas of high stress can be considered as “earth-
quake fuel”. In the movies, it is fun to watch ruptures “burn through” their fuel much like a forest 
fire simulation. 
    The first run (Figure 2) places 500 bar strength on the Ventura-Pitas Point fault.  The 10,000 

Figure 3. Select frames from a 10,000 year run of ALLCAL on the Ventura-Pitas Point Fault with 1000 
bar strength. These frames show the surface offset, final slip and stress state after several M>7 events. 
Surface slips (yellow, bottom panel) now reach eight meters and are more in line with paleo-seismic ob-
servations. Find the movie link in the text box on Page 3. 

                         Readers: To view the simulations, click or drag & drop these links— 
 

                         Figure 2:   http://es.ucsc.edu/~ward/vent-pitas-10k.mov 
 Figure 3:   http://es.ucsc.edu/~ward/vent-pitas-10k-strong.mov 
Figure 5:   http://es.ucsc.edu/~ward/ventura-tsunami-map.mov 

                         Figure 6:  http://es.ucsc.edu/~ward/ventura-tsunami-map-c.mov 
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year simulation produced 20 M(6-7) 
quakes  and 23 M>7 quakes.  The largest 
event was 7.4.  As immediately seen, the 
largest surface slips generated hardly ex-
ceeded four meters. It is impossible to 
reconcile the eight meters of slip seen by 
paleo-seismologists unless the fault is 
made stronger. 
 
Run #2 – 1000 bar fault.  
     The second run (Figure 3) places 1000 
bar strength on the Ventura-Pitas Point 
fault. The 10,000 year simulation pro-
duced 10 M(6-7) quakes and 10 M>7 
quakes. The largest event was 7-3/4.  As 
you might expect from an increase in 
fault strength, there are generally fewer 
but bigger quakes. Unlike the 500 bar 
case however, many ruptures now pro-

duce surface slips greater than eight meters.  It would seem that 1000 bar fault strengths are re-
quired to mimic the uplifts observed by paleo-seismologists.  It remains to be seen whether such 
large coseismic stress drops could be acceptable to seismologists who infer the quantity from 
analysis of seismograms. 
    One interesting aspect of the simulation is portrayed in Figure 4.  It shows a magnitude 7.5 
quake with peak slip of 12.2 m. The 
interesting aspect is that this event 
has no surface offset.  A blind M7.5 
quake would not show in surface 
paleo-seismic excavations. Blind 
events like this make one wonder 
how many large quakes do not break 
the surface and go unaccounted in the 
paleo-seismic record and subsequent 
hazard estimates based on it. 
  
Tsunami Calculations.       
       The project intends to input cer-
tain simulated ruptures like those in 
Figure 3 into calculations of tsunami 
and inundation. This aspect is still in 
progress, but Figures 5 and 6 repre-
sent a tsunami calculation resulting 
from a faulting scenario similar to 
that in Figure 3 (bottom right). The 
Pitas Point-Ventura fault system (red 
line) runs straight west out from the 
coast on the north side of the Chan-
nel. Over a 60s rise time, the simulat-
ed quake pushes up a 100 km long 
ridge of water 10 meters high on the 
north, up-thrown side of the fault 
(Figure 5, upper left). On the south-
ern, footwall side, the sea and sea-
floor drop by about 1 meter. Within 

Figure 4.  A magnitude M7.5 quake that has no surface offset. 
Blind ruptures of this type would not be accounted in surface 
paleo-seismic excavations. 

 
Figure 5. Tsunami simulation for an M=8 earthquake on the linked 
Ventura-Pitas Point fault system. The panels are at time 1, 5, 15 and 
60 minutes. The fault strikes west out into the Santa Barbara Channel 
(red curve). Cross sections (above) and flow height histories (below) 
are shown for Isla Vista, Carpinteria, Ventura River and Oxnard.  
Find the movie link in the text box on Page 3. 
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four minutes, the water ridge collapses under its own weight and divides into two opposite trav-
eling waves (Figure 5, upper right). By 15 minutes a 6 m wave has struck the coast between 
Oxnard and Carpinteria (Figure 5, lower left). Further west toward Santa Barbara, the wave 
drops to 2 meters height, more or less in proportion to the tapering fault slip. By 15 minutes, 
waves land on Channel Islands with 
strengths also decreasing westward.  
By 60 minutes, a 2 m tsunami ar-
rives at Venice Beach/LAX. Two 
meters may not sound like much, 
but on a busy summer day with a 
beach full of visitors, it would be a 
mess. Reverberations in the Chan-
nel go on for some time. When the 
simulation cuts off at T=60 minutes, 
the coast near Oxnard is experienc-
ing a third inundation episode (Fig-
ure 5, bottom right). 
     Close-in to earthquakes, the ex-
tent of tsunami inundation depends 
both on wave height and any co-
seismic elevation change. When a 
coastal beach gets uplifted coseis-
mically, so does the water. Uplift in 
itself causes no inundation, even if 
coastal water finds itself several 
meters above its former position. 
Especially telling in the Ventura-
Pitas Point scenario where the fault 
approaches shore to the east. Near 
the mouth of the Ventura River, the 
coast uplifts by as much as 10 m, 
but the inundation is only about two 
meters (upper right, yellow box, 
bottom Figure 5). Simply, coseismically uplifted coasts are difficult to flood with tsunami. Odd-
ly, the worst place to look for tsunami deposits might be close to the fault. On the down thrown 
side of the fault, the Oxnard plain faces more serious issues with inundation. Although the down-
thrown side sees bigger tsunami, paleo-deposits there may be submerged or deeply buried. 
     Figure 6 shows an expanded view of the wave in the Santa Barbara Channel. Times are 1, 5, 
10, and 30 minutes.  As I have said, for locations close to earthquakes, it can be complicated to 
separate variation in sea level due to wave action and variation in sea level due to elevation 
changes. These calculations however, contain both types of information and they should be 
helpful in interpreting what may, or may not, occur at a given site. Arrows in the upper left pan-
el of Figure 6 show the co-seismic uplift values at the coast.  Coastal water uplifts the same 
amount as adjacent coasts, so any inundation must come from off shore water at higher eleva-
tion still.  Carpentaria slough uplifted 3.5 m coseismically, but still experienced tsunami of 6.5 
m from bigger uplifts offshore. This looks like a good place for tsunami prospecting.  
 
Publications:   
 “Seismic Slosh”   YouTube movie: https://www.youtube.com/watch?v=-ztj-uw4_uo 
 
“Ventura Tsunami”   YouTube movie: http://www.youtube.com/watch?v=8KMjgWpdJzk 

 
Figure 6. Expanded view of the wave in the Santa Barbara Channel. 
Times are 1, 5, 10, and 30 minutes. Arrows in the upper left panel 
show the co-seismic uplift values at the coast. Note several km of 
inundation in the Oxnard Plain, lower right. Find the movie link in 
the text box on Page 3. 


