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Quaternary active tectonic deformation of the transgresive surface offshore Ventura, CA, constrained by new geophysical data
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The Transverse Ranges are a thrust-and-fold belt that accommodates the contraction 
resulting from a regional restraining bend in the San Andreas fault (Yeats, 1977; Yerkes 
et al., 1987; Yeats and Rockwell, 1991). The E-W trending Ventura basin, which is filled 
by more than 5 km of Pleistocene sediment, is shortening at about 10 mm/yr as inferred 
from geodetic data (Marshall et al., 2013). Although the onshore geological structure is 
fairly well known, there remains uncertainty about how the different onshore thrust and 
folds continue in the offshore, as well as the deep relationship between the main faults 
(Rockwell et al., 2016; McAuliffe et al., 2015; Hubbard et al., 2014). New high-
resolution seismic data (chirp) was acquired in the area, that when combined with 
existing USGS chirp and sparker profiles (Sliter et al., 2008), allows for a better 
understanding of the fault architecture and the modern deformation in the offshore. 
The dense seismic dataset allows us to identify the latest Quaternary 
seismostratigraphic units and horizons, with the most regionally surface recognized 
being a transgressive surface (LGTS) associated with the last sea level rise since the 
Last Glacial Maximum. This surface is deformed by a series of E-W regional folds that 
produce elongated and parallel highs and depressions, with some emergent faults. 
Below the LGTS there are Early to Late Pleistocene units that are deformed by high 
amplitude regional folds and some local faulting. Above the LGTS we have identified 
progradational and agradational units that record the creation of accommodation 
across and along the margin, and are less deformed (folding and faulting) than the 
lower units and horizons. Based on our analysis of the entire dataset, we have mapped 
the late Quaternary active structures in the offshore Ventura basin, which leads us to 
propose a new structural geological map of the basin and connection with onshore 
faults. In addition, a preliminary interpretation of some specific fold growth sequences 
has allowed us to identify different tectonic deformation events (e.g earthquakes) and 
the deformation history needs to be correlated to onshore efforts in the region.

1. Introduction

2. Late Quaternary stratigraphy
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Figure 1. Regional map of the study area showing the Quaternary active faults (Jennings and Bryant, 2010; Hubbard et al., 2014; McAuliffe et al., 2015; Rockwell et al., 2016), the earthquakes with magnitude 
higher than 3.0 (Hutton et al., 2010) and the GPS velocity vectors with respect to a fixed North America are shown (UNAVCO, 2017). The straight lines with different patterns and colors show the location of the 
seismic profiles (chirp and sparker) used in this work.

3. Holocene Units - Progradational unit

4. Last Glacial Maximum transgresive surface - Tectonic deformation

7. Tectonic deformation events - Earthquake deformation

5. Late Pleistocene tectonic deformation

6. Santa Barbara-Ventura Basin - Late Quaternary structural map

Figure 2. The seismic profiles across the area image two different seismo-stratigraphic units, separated by an erosional unconformity, which corresponds to the LGTS. Below the unconformity there is an Early to 
Late Pleistocene unit, and above it there is the unit corresponding to the Holocene.

Figure 4. The LGTS corresponds to an erosional unconformity developed over the Pleistocene unit. This unconformity has been identified in almost all the seismic profiles, with the exception of those located 
close to Ventura where the Holocene unit is thicker with a shallow multiple that obscures deeper structure. Usually, the unconformity corresponds to a reflector of high amplitude and low frequency, that is rather 
continuous and planar. Nevertheless, in some regions the LGTS appears to have been uplifted and folded. This deformation is interpreted to be related to blind thrust faults.

Figure 3. The Holocene seismo-stratigraphic unit presents an irregular distribution and thickness. Usually it is located on the lower zones of the sub-basins and attains its maximum thickness close to Ventura. In 
some of the seismic profiles concentrated in the northern and central part of the basin, two different units have been differentiated. The lower is a progradational unit characterized by prograding reflectors, that 
exhibit high acoustic amplitudes and low frequency. Usually these reflectors downlap over the LGTS, but in some places they are parallel to it. On top or the progradational unit there is the agradational unit; the 
reflectors are continuous and parallel, and show medium to high acoustic amplitudes and high frequency.

Figure 5. The Early to Late Pleistocene units located below LGTS are not well imaged in the analyzed seismic profiles. In different zones deeper penetration is observed in well-developed folds (anticlines and 
synclines) and high-angle dipping reflectors. In some places these dipping reflectors produce irregularities and the LGTS that suggets they correspond to hard sedimentary layers. These irregularities are also 
observed in the seafloor in places where LGTS has been uplifted and south of Santa Barbara they show a periclinal geometry.

Figure 6. Based on the identification of faults and folds (anticlines and synclines) affecting the Pleistocene units and the LGTS and the correlation of these structures between the different profiles, we propose a 
preliminary map of the Late Quaternary active structures in the Santa Barbara and Ventura basins.

Figure 6. The preliminary analysis about earthquake related deformation shows evidences of different 
deformation events on some of the structures identified along the basin.

On the Pitas Point Fault (profile D01L03), we observe evidences for two most recent events (Holocene). The 
older event folded the reflectors below the light orange unit, which shows different thickness across the fold 
and thickening towards the south. The youngest event is related to the folding of the light orange unit and 
occurred before the deposition of the blue unit, since there is presence of reflectors overlapping the 
underlying unit.

The deformation related to the Mesa-Rincon Creek fault is revealed by the presence of different units that 
onlap the underlying deformed units. At least three different events have been identified, but since the LGTS 
is difficult to resolve in this region, it is not clear if all the events occur in the Holocene or some are older.

The deformation on the southern anticline show evidence for at least three deformation events. The events 
have been resolved based on the observations of different growth strata units, onlap geometries, and the 
presence of different erosional surfaces.


