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Collaborative research: Documentation of Tsunami Deposits in the 
Carpinteria Estuary: A signal of Great Earthquakes on the Pitas Point Thrust 

L. Reynolds, A. Simms, T.K. Rockwell, R. Peters, Bruce Jaffe, Bruce Richmond 

Abstract – The primary objective of this work is to identify whether Carpinteria Salt Marsh contains 
tsunami deposits and experiences rapid subsidence events that may result from large earthquakes on the 
Pitas Point-Ventura thrust system.  Towards that end, we recovered 12 new vibracores (4 m depth) and 7 
longer Geoprobe cores (up to 15.8 m depth) to investigate the sedimentation history of the march.  From 
37 radiocarbon dates, a preliminary result is that the marsh is rapidly subsiding at 1.5 mm/yr.  Preliminary 
analysis of the sedimentology suggests that aggradation proceeds until a marsh surface is established, 
followed by a major change in environment with a return to estuarine conditions, which we interpret as 
likely the result of rapid submergence.  The accommodation space provided by this submergence is filled 
with relatively massive sand interpreted to be estuarine in nature, which is then capped by another paleo-
marsh surface.  There is evidence for three such submergence events in the past 6 ka or so, although more 
radiocarbon dates are required to more precisely date these events and determine whether they are 
coincident with the three uplift events at Pitas Point that have occurred in the same general timeframe. We 
also identify a tsunami-like sand that dates to the period between AD 1780 and 1870 and may result from 
the reported 1812 tsunami.   

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 (Figure 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, Rockwell and Peters were funded to improve the 
chronology of existing cores and to recover additional cores in search for direct evidence of tsunami 
deposits at the Carpinteria Salt Marsh, and we have joined forces with Alex Simms and Laura Reynolds 
(Simms’ PhD student) who were already working on a similar related project.  

Activities - With the aid of Dr. Alex Simms and his students at the University of California, Santa 
Barbara (UCSB), we collected 12 new vibracores reaching depths of 4 m and another 7 longer Geoprobe 
cores reaching depths of up to 15.8 m in Carpinteria Salt Marsh.  We have also obtained 37 new 
radiocarbon dates from both the short cores and the long cores.   

Preliminary Findings  

Potential Tsunami Deposits - We have tentatively identified a sand layer with the characteristics of a 
tsunami deposit in 22 of these 35 vibracores. Radiocarbon analyses dates this sand layer to after AD 1680, 
and pollen analysis by Ana Ejarque and Scott Anderson at the University of Northern Arizona further 
constrains the age of this sand layer, indicating that its deposition occurred sometime between 1780 and  
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1870. Mary McGann at the USGS and 
Eileen Hemphill-Haley at Humboldt State 
conducted an analysis of foraminifera and 
diatoms in potential paleo-tsunami 
sediments from cores collected at 
Carpinteria in 2012. There was no evidence 
for offshore species in any of the sediments 
examined, nor did any of the diatoms show 
signs of transport in a high energy flow. 
This suggests that the historically reported 
1812 tsunami did not inundate the marsh at 
Carpinteria. However, it is possible that the 
tsunami did inundate Carpinteria Salt Marsh 
but offshore fauna were not present in 

sediments deposited by the tsunami. The sedimentary petrology of the sand layer identified in these cores 

 

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.  Sedimentary Petrology of the modern beach 
sands, candidate tsunami sands, estuarine sands, 
terrestrial flood sands, and watershed samples. 
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matches that of the beach sand (Fig. 2).  In addition, the sandy layer does meet other characteristics of 
tsunami deposits including a sharp base overlying a peaty horizon, normal grading in 14 of 22 cores, the 
absence of traction deposits, and a thinning of the deposit landward (Fig. 3). This sand layer is tentatively 
assigned to represent the historical 1812 tsunami and we are using it to act as a model for identifying 
older tsunami deposits within Carpinteria Slough that could be related to earthquakes along the VAA.  
Preliminary analysis of the existing vibracores and the longer Geoprobe cores have identified two other 
deposits with the same characteristics of the proposed 1812 event at a depth of approximately 4 m and 8 
m (Fig. 4). 

  

Long-term Environmental Change and Subsidence - The longer cores from Carpinteria Slough contain 
alternating beds of mud and sand suggesting repeated episodes of environmental change within the marsh 
(Fig. 5).  Some of the contacts within the cores are sharp indicating that some of the periods of 
environmental change were rapid.  Sharp contacts within core CS 13-02 are found at depths of ~ 6.8, 8, 
10.8, and 12.45 m (Fig. 5).  The sharp contact at a depth of ~8 m contains an organic-rich peaty silt that 
caps marsh-like deposits, and this contact is overlain by a thick uniform sand deposit (Fig. 5).  This 
suggests development of a relatively stable marsh surface followed by deposition of a thick estuarine or 
marine sand deposit. One preliminary interpretation is that the sharp environmental contacts within the 
long cores represent rapid subsidence events that produce accommodation space that is then filled with 
estuarine sand.  If correct, the subsidence events must represent motion on the Carpinteria and Rincon 
Creek faults, which we interpret as back-thrusts off of the Pitas Point thrust system.  We are testing the 
possibility that they are coincident with the uplift events at Pitas Point, which would indicate coeval 
motion on the Pitas Point-Ventura Thrust and Rincon Creek fault, and subsidence at Carpinteria Salt 
Marsh.      

 

 

Figure 3.  Isopach with core locations (A) and core photograph (B) of the proposed 1812 tsunami 
deposit. 
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Figure 4.  Deep examples of SF1 (candidate tsunami deposit) in (a) CS12-2, at 4m depth; and in 
(b) CS13-02 at 8m depth.  The sharp contact at 8 m depth likely also represents a subsidence 
event. 
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In general the radiocarbon ages do increase with depth within the core indicating long-term sediment 
accumulation, and as indicated above, the section is punctuated by at least two fine-grained sediment 
packages with organic accumulations and root mats that are similar to the upper meter of sediments 
comprising the modern marsh surface and which likely represent buried marsh surfaces.  The only 
reversal of ages within the core is associated with a sand layer that we interpret as potentially a tsunami 
layer.  A comparison between radiocarbon dates within the cores and regional sea-level data suggest that 
the marsh is undergoing rapid subsidence rates on the order of 1.5 mm/yr.  More radiocarbon dates are 
needed to determine whether the subsidence occurs gradually or if the subsidence is accommodated at the 
sharp hypothesized submergence events and is associated with large Pitas Point thrust events. 

 

  

 

 

Figure 5.  Core description of the long core.  Arrows indicate sharp environmental change within 
the long geoprobe core.  The location of figure 4b. is shown in the red box. 



Intellectual	  Merit	  	  
	  
We	  are	  testing	  whether	  a	  number	  of	  local	  and	  regional	  observations	  on	  related	  
structures	  all	  point	  to	  very	  large	  thrust	  events	  on	  the	  Pitas	  Point	  –	  Ventura	  thrust	  
system.	  	  Understanding	  the	  linkage	  between	  coastal	  uplift	  along	  the	  Ventura	  coast,	  
offshore	  folding	  as	  imaged	  in	  seismic	  reflection	  profiles,	  motion	  on	  the	  Rincon	  Creek	  
back-‐thrust,	  rapid	  subsidence	  in	  Carpinteria,	  and	  the	  generation	  and	  preservation	  of	  
tsunami	  deposits	  in	  Carpinteria	  Salt	  Marsh	  is	  critical	  to	  the	  correct	  assessment	  of	  
seismic	  hazard	  in	  the	  Western	  Transverse	  Ranges,	  and	  towards	  understanding	  how	  
individual	  structures	  link	  up	  and	  contribute	  to	  the	  development	  of	  M8-‐class	  
earthquakes.	  	  The	  recognition	  that	  M8-‐class	  earthquakes	  may	  occur	  in	  the	  Western	  
Transverse	  Ranges	  is	  a	  major	  shift	  in	  paradigm,	  with	  previous	  studies	  typically	  
looking	  at	  individual	  faults	  as	  individual	  seismic	  sources.	  	  
	  
Broader Impacts 
 
By joining forces with Alex Simms, an untenured Assistant Professor at UCSB, the 
project goals will now be a major focus of UCSB PhD student Laura Reynolds. The 
fieldwork has been accomplished by a joint effort of SDSU and UCSB graduate students.   
Also by joining forces and buying drilling supplies for Simms’ Geoprobe drilling rig, we 
have been able to collect far more core than if we had sub-contracted the coring to a 
commercial firm, and we were able to enhance the infrastructural aspects of Simms' 
drilling capacity by purchasing necessary supplies that will allow for deeper drilling.  A 
fundamental impact to society is the recognition that the Santa Barbara coast may be 
struck with a tsunami within minutes of its generation. Perhaps more disturbing is that the 
City of Carpinteria may subside by as much as 1-2 m in the next event, placing much of 
downtown Carpinteria in the surf zone. This is a major unrecognized hazard to that 
coastal city. 
 
 
 
 
	  


