
Holocene deformation offshore Ventura basin, CA, constrained by new high-resolution 
geophysical data

(Title max 300 characters)

Hector Perea1,2, Gülsen Ucarkus3, Neal Driscoll1, Graham Kent4, Yuval Levy5 and 
Thomas Rockwell5

(1) Geosciences Research Division, Scripps Institution of Oceanography, 9500 Gilman 
Drive, University of California, San Diego, San Diego, California 92124, USA

(2) Institut de Ciencies del Mar, Consejo Superior de Investigaciones Cientificas, Psg. 
Maritim de la Barceloneta, 37-49, 08003 Barcelona, Spain

(3) Geological Engineering Department, Istanbul Technical University, Maslak, 34469 
Istanbul, Turkey

(4) Nevada Seismological Laboratory/0174, University of Nevada, Reno, Reno, Nevada 
89557, USA

(5) Department of Geological Sciences, San Diego State University, 5500 Campanile 
Drive, San Diego, California 92182, USA

Corresponding author: Hector Perea (hperea@icm.csic.es)

Abstract (2000 characters, excluding spaces but including punctuation)
The Transverse Ranges (Southern California, USA) accommodate the contraction 
resulting from a regional restraining bend in the San Andreas Fault to form a thrust-and-
fold belt system. The southern boundary of this system corresponds to the E-W trending 
Ventura basin, which is filled by more than 5 km of Pleistocene sediment and is 
shortening at about 10 mm/yr as inferred from geodetic data. Although the different 
thrust and folds are fairly well known in the onshore areas of the basin, there is still 
uncertainty about their continuation in the offshore. The analysis of new high-resolution 
(SIO CHIRP) and existing (USGS sparker and chirp) seismic data has allowed us to 
characterize better the active geological structures in the offshore. In the dataset, we 
have identified different latest Quaternary seismostratigraphic units and horizons, with 
the most regionally recognized being a transgressive surface (LGTS) associated to the 
Last Glacial maximum and subsequent sea level rise. A series of E-W regional folds 
related to thrust faults have deformed the LGTS producing highs and depressions. The 
correlation of these structures between profiles shows that they are elongated and 
parallel between them and continue to the coastline. In addition, considering their trend 
and kinematics, we have been able to tie them with the main onshore active thrusts and 
folds. Above the LGTS we have identified progradational and agradational units that are 
related to global sea level rise, which exhibit less deformation (folding and faulting) 
than the lower units and horizons. However, we have recognized some specific fold 
growth sequences above LGTS associated with the activity of different thrust-related 
anticlines. Accordingly, we have identified between 3 and 5 tectonic deformation events 
(e.g., earthquakes) associated to thrust fault activity. These results may help us to 
determine the deformation history for the offshore Ventura basin and the potentiality of 
the thrust faults that may be tsunamigenic, and compare our observations to the onshore 
results.
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Plain-language summary (200 words; optional)
The tsunamis related to the Indian Ocean 2004 and the Japan 2011 earthquakes caused 
tens of thousands of deaths and extensive and severe damage. These catastrophic events
have shown the importance of studying the faults or fractures under the sea that could 
move vertically and generate earthquakes and potential tsunamis. In Southern 
California, the area between Santa Barbara and Ventura is characterized by the presence 
of E-W large earth crustal flexures or folds (hundreds of meters in width and kilometric 
in length) associated to the vertical movement along long fractures, some of them being 
localize under the sea. The question that arises is, could these fractures produce large 
earthquakes and tsunamis? In a recent geoscientific marine survey, data were acquired 
that images the shallower geologic formations under the seafloor with submeter
resolution were acquired. These data have allowed us to identify the seafloor and sub-
seafloor deformations related to the vertical movement of the fractures. Our 
observations point that these fractures have moved recurrently in the last ten thousands 
of years by producing earthquakes that may generate tsunamis.


