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The purpose of this project was to determine whether proposed large earthquake events along the 

Ventura Avenue Anticline-Pitas Point Thrust system (VAA-PPT) are recorded in the stratigraphy of 

Carpinteria and Goleta Sloughs.  This year we specifically set out to 1.) better constrain the age of 

submergence events in Carpinteria Slough, 2.) determine whether the same events are recorded in 

Goleta Slough, and 3.) build a micro-fossil transfer function to quantify relative sea-level changes across 

these events.   This year we obtained 59 new radiocarbon dates, 11 new cores up to 21 m in length, and 

surveyed the elevations of foraminifera in 3 estuaries in southern California.  We have found evidence 

for 3 submergence events in Carpinteria Slough at 1.9-2.0, 3.4-3.6, and 4.0-4.2 ka.  Another emergence 

event was found at 6.0 ka.  The youngest of these events (1.9-2.0) has also been identified in Goleta 

Slough.  Preliminary findings also suggest that foraminifera are zoned by elevation within Carpinteria 

Slough and provide a means of quantifying subsidence in southern California.   Our data suggests that at 

least 2 of the large earthquake events proposed to have occurred on the VAA-PPT are coeval with the 

timing of major events within Carpinteria Slough and the youngest may also have a stratigraphic 

signature recorded in Goleta Slough. 

 

Intellectual Merit 

This project has led to an awareness of the potential of coseismic-subsidence in the coastal regions of 

southern California.  The project is also providing data needed to evaluate the fault-geometry models 

within one of SCEC’s defined Special Fault Study Areas - the Ventura Avenue Anticline – Pitas Point 

Thrust (VAA-PPT) system.   We are also establishing some of the first estimates of subsidence along 

subsiding portions of the southern California Coast. 

 

Broader Impacts 

The broader impacts of this project include better defining the potential earthquake hazards along a 

populated coast, training future STEM researchers, and building research collaboration.  This proposal 

has supported the research of two graduate students and two undergraduate students.  Three of these 

students are female.  This project has also helped to build active research collaboration among the 

USGS, UCSB and San Diego State University. 
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Introduction -Large earthquakes and their associated tsunamis, including recent earthquakes and 

tsunamis in Sumatra (2004) and Japan (2011), have brought into sharp focus the hazards associated with 

convergent margins. The Transverse Ranges is southern California’s version of a convergent margin and 

recent work between Ventura and Carpinteria has demonstrated that the Ventura Avenue Anticline 

(VAA) and associated Pitas Point – Ventura thrust (Figures 1) have produced large uplift events. The 

amount of inferred uplift, on the order of 7-8 m per event, likely results in the production of a sizable 

tsunami along the Santa Barbara – Ventura County coastline, although until recently no one has looked 

for tsunami deposits in this region. This past year, Simms, Rockwell and Peters were funded to further 

evaluate the connections between motion on the VAA and possible subsidence and other earthquake-

related events (e.g. tsunamis) recorded within Carpintaria and Goleta Sloughs.  Specifically, we proposed 

to improve the chronology of existing cores, collect new cores in Goleta Slough, and begin to establish a 

micro-fossil-based transfer function for quantifying the amount of subsidence across potential earthquake-

event horizons.  

Activities/Methods - We collected 2 new GeoProbe cores from Goleta Slough reaching depths of 21.3 m 

and another 9 vibracores in Carpinteria Slough.  We have also obtained 59 new radiocarbon dates from 

the cores in Carpinteria (n = 38) and Goleta (n = 21) Sloughs (one prepared age lacked enough carbon for 

a meaningful measurement).  In addition, we processed 24 samples in an attempt to further constrain the 

timing of the proposed 1812 tsunami layer.  We also collected foraminifera samples along 14 elevation 

transects from three estuaries (Carpinteria, Mugu, and San Diego) in order to build a transfer function to 

determine water-level changes (hence amounts of subsidence) across event horizons within cores from 

Carpinteria and Goleta Sloughs. 

Preliminary Findings  

Potential Tsunami Deposits  

We have tentatively identified a sand layer with the characteristics of a tsunami deposit in 22 of the 35 

vibracores collected within Carpinteria Slough (Fig. 2). Pollen analysis by Ana Ejarque and Scott 

Anderson at the University of Northern Arizona indicate that the layer occurred sometime between 1784 

and 1870, consistent with the limits obtained from previous years radiocarbon dating.  We focused our 

efforts this year on trying to date the event more precisely.  A core taken from Dune Pond, a coastal pond 

located ~30 km west of Carpinteria Slough, for another project established a high-resolution age model 

for the time interval between 1784 and the present using pollen and spheroidal carbonaceous particles 

produced by human burning of fossil fuels.  It suggests that a similar layer was deposited about 1815+/-10 

years, consistent with an 1812 age of the event, although bioturbation makes its location with respect to a 

horizon representing the Spanish suppression of fires in 1793 uncertain.  We attempted to obtain more 

constraints on the age of the proposed tsunami layer using similar methods from 3 cores from Carpinteria 

Slough that sample the proposed 1812 tsunami bed, but unfortunately the pollen-extracted from 

Carpinteria Slough is overwhelmed by the presence of pickle-weed (local marsh fauna) pollen.  We are 

continuing to try to work around this issue.      

Long-term Environmental Change and Subsidence 
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The longer cores from Carpinteria Slough contain alternating beds of mud and sand suggesting periods of 

environmental change within the marsh (Fig. 3).  Some of the contacts within the cores are sharp 

indicating that some of the periods of environmental change were rapid (Fig. 3).  The upper-most sharp 

contact within Carpinteria Slough is marked by an organic-rich peaty silt overlain by a thick uniform sand 

deposit (Fig. 3).  One preliminary interpretation of the sharp environmental contacts within the long cores 

is that they represent buried marsh surfaces, possibly coincident with the movements along the Pitas Point 

– VAA Thrust.   New ages obtained this year from above and below this sharp horizon suggest that it 

occurred between 1900 and 2200 BP (Fig. 4), a similar time frame as the penultimate proposed event 

 

Figure 1.  Map showing the 

Pitas Point-Ventura thrust 

and associated Ventura 

Avenue Anticline in the 

hanging wall in the western 

Transverse Ranges.  The 

fold, which extends from 

Ventura to as far west as 

Point Conception, traverses 

offshore into 500-600 m 

deep water. 

Figure 2.  Cores obtained within Carpinteria Slough overprinted by an isopach of the proposed tsunami 

layer.  Also shown is a core representative of the tsunami layer. 
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Figure 3. (Following page)  Core 

descriptions and 14C-ages from 4 of 

our longer cores taken in 

Carpinteria Slough.  Also shown is a 

core photograph of the possible 

submergence event at 1900-2200 

BP.  See Figure 2 for core locations. 
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within the VAA-PPT system.  In addition, a similar lithologic contact was identified within Goleta Slough 

(Fig. 5), which also dates to between 1900-2200 BP.  

Three other potential event horizons were identified in Carpinteria Slough.  The younger two of these 

events are marked by the flooding of alluvial fans instead of the flooding of the marsh surface (Fig. 3).  
14

C dates obtained above and below these two alluvial fan beds suggest they were large-magnitude events 

in which the deposition of the entire bed or bedset (1-2m) occurred within the detection limits of 
14

C 

dating.  The burial of the alluvial fans within the marsh surface suggest that something created a large 

enough amount of accommodation to bury these event beds.  The event beds could either mark large 

floods or another disturbance in the drainage basins of the catchments feeding Carpinteria Slough (e.g. 

earthquake).  Their burial and preservation within marsh sediments also suggests that the Slough may 

have subsided at the same time.  These events occurred at ~3.5 ka and ~4.1 ka (Fig. 3), the latter of which 

is temporally consistent with an uplift event at Pitas Point.  Another large abrupt change occurs at the 

base of the cores around 6 ka but is marked by emergence not submergence of environments within 

Carpinteria Slough (Fig. 3). 

We have also made progress in establishing a foraminifera-based transfer function to establish the amount 

of relative sea-level change (e.g. subsidence) across these events.  Examination of foraminifera from one 

of our modern estuary sampling sites reveals a distinct difference in foraminifera assemblages across 

marsh environments with different elevations with respect to tidal datums (Fig. 6).  Thus our preliminary 

results suggest that the foraminifera zonations necessary for creating a foraminifera-based transfer 

function are present in Carpinteria Slough.  Additionally, foraminifera from below the 1.9-2.0 ka flooding 

surface in Carpinteria suggest the slough was a “high marsh” before flooding and the foraminifera 

identified in the sands so far above the flooding event are consistent with a slightly deeper environment 

(the foraminifera analysis is preliminary from the sandy unit). 

 

Figure 4.  (Right) 

Age constraints 

on the upper-

most “flooding 

event” in 

Carpinteria 

Slough. 



5 
 

 

 

Figure 5.  Core description of core GS14-02 from Goleta Slough.  Also shown is a core 

photograph of the possible subsidence event (arrow) within Goleta Slough at ~1900 BP. 

Figure 6.  Foraminifera sample locations within Carpinteria Slough.  Also shown are the 

foraminifera assemblages at two of these sites within Carpinteria Slough. 
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