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Objectives 

This project focused on measuring the late Quaternary slip rate of the Santa Susana fault (SSF), a 

significant fault in the western Transverse Ranges that connects structures bounding the Ventura and San 

Fernando basins (Fig. 1). Based on previous work, the SSF potentially has a high slip rate but with a large 

uncertainty in the UCERF3 model, from negligible to significant (0.5-10 mm/yr) (Field et al., 2013; 

Dawson and Weldon, 2013). Like the San Fernando fault segment (source of the 1971 Sylmar 

earthquake), the SSF lies structurally above the 1994 Northridge earthquake fault (Huftile and Yeats, 

1996). Given its position, the late Quaternary SSF slip rate is important for understanding fault 

interactions in the western Transverse Ranges (e.g., McAuliffe et al., 2015). 

This project has yielded new 36Cl cosmogenic nuclide depth profile data, which we are using to 

constrain the late Quaternary slip rate of the Santa Susana fault. Improved estimates of the late 

Quaternary SSF slip rate will lower uncertainties in seismic hazard assessments and enable a better 

understanding of deformation of the western Transverse Ranges in spatial and temporal domains.   

 

 
Figure 1. Map of the Santa Susana fault. The upland position of the fault trace in the Santa Susana 

Mountains limits preservation of geomorphic markers across the fault. Our study focused on the area of 

the black box on the west-central SSF where an alluvial fan is locally preserved on both sides of the SSF. 
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Methodology 

1. Offset magnitude of alluvial surfaces across the SSF 

We identified a site where low relief geomorphic surfaces underlain by alluvium are vertically separated 

across the trace of the SSF. We made a high-resolution map based on previous work (Yeats, 1987; 

Dibblee and Ehrenspeck, 1992; Campbell et al., 2014), supplemented with our own field observations and 

analysis of a 1-m resolution digital elevation model. Exposures in both the hanging wall and footwall 

show that similar Quaternary sediment has been preserved on both sides of the fault, and represents a 

dateable, isochronous marker of fault offset. The topographic break at the fault trace, the preservation of 

alluvial sediment on the hanging wall, and the lack of inset terraces on the hanging wall indicate that the 

surfaces were continuous before being displaced by the SSF. Our strategy of estimating slip from this 

planar marker is insensitive to local erosion and migration of the fault scarp, as we project the surfaces 

from more pristine remnants. Reverse slip and its uncertainty are estimated by propagating relevant 

geometric parameters (Thompson et al., 2002; Burgette et al., 2019). 

 

2. Cosmogenic 36Cl profile dating 

We used whole-rock in situ 36Cl techniques since the source catchment of the target fan surface is 

developed in calcareous mudstone of the Modelo Formation (Dibblee and Ehrenspeck, 1992), suggesting 

quartz extraction for in situ 10Be and 26Al analyses is untenable. Field inspection of the target 

Quaternary fan sediment showed that pebble-sized clasts of this bedrock make up much of the deposit. 

We used whole-rock 36Cl dating of samples of amalgamated pebbles collected from two depth profiles – 

a technique used successfully for slip rate studies in southern California (e.g., Frankel et al., 2007) and 

elsewhere (e.g., Phillips et al., 2003). Following physical preparation at the NMSU, samples were 

prepared and analyzed on the accelerator mass spectrometer at the Purdue Rare Isotope Measurement 

Laboratory (PRIME Lab). 

In situ 36Cl is produced in near-surface rock and sediments via multiple production pathways, 

each of which must be well-characterized to enable accurate interpretation of measured 36Cl 

concentrations. A key output of the recent CRONUS-Earth project was a robust, internally consistent set 

of in situ 36Cl production parameters for each of these pathways (Marrero et al., 2016a). Marrero et al. 

(2016b) incorporated these parameters, along with more accurate nuclide-specific scaling procedures 

(Lifton et al., 2014), into an online surface exposure age calculator as well as a depth profile age 

calculator. We have determined preliminary bracketing ages using depth-dependent production rates 

determined from the surface calculator. The original version of the CRONUS depth profile calculator did 

not work on our samples, and work in progress is adapting the code to allow age estimation from the 

depth profile data using nonlinear least squares optimization (modified after Burgette et al., 2019). 

Additional elemental concentrations samples in progress will also let us assess potential compositional 

variation with depth in the profiles. 

 

 

Results 

Our mapping confirmed a small remnant surface (Qoafs unit) preserved on the SSF hanging wall that 

correlates to the extensive surface preserved in the valley to the south (Fig. 2). We extracted a swath 

profile of the 1 m resolution topographic data and estimate probability density functions for vertical 

separation and reverse slip measurements. Based on geomorphic expression of the fault trace and 
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observed bedding dips in the hanging wall, we estimate 43 +33/-13 m (95% confidence) of reverse slip at 

this location from the 25 +9/-3 m of vertical separation. 

 

 

Figure 2. Detailed map of the study area. The two depth profile samples collected and analyzed for this 

project come from both the hanging wall and footwall portions of the Qoafs surface. The black rectangle 

indicates the extent of the swath profile used for slip estimation. 

 

 

 The data from the two cosmogenic depth profiles analyzed for this study exhibit interpretable 

patterns of 36Cl concentration with depth, although the depth variation is not matched precisely by 

predictions of the simple models of density and nuclide accumulation (Fig. 3). Generally, the decline of 

concentration with depth supports surface stability, although some amount of mixing or more complex 

density structure may be required to explain the details of the profiles. As the currently available depth 

BSR02 

BSR01 
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profile code does not seem stable, and did not work for our data, we determined preliminary bracketing 

ages using a temporally constant production rate estimated with the online CRONUS surface exposure 

calculator (Fig. 3).  

 

Figure 3. Example depth profile (site BSR01, footwall) with predicted concentration profiles assuming 

bracketing values for sediment bulk density and age. Concentrations in atoms of 36Cl per gram of sample 

are plotted on the x axis against depth in meters on the y axis. The observed data are bracketed by ages of 

12.5 and 30 ka. 

 

The preliminary ages are consistent with the offset surface being between roughly 12 and 30 ka in 

age. When combined with the estimated ~43 m of slip since abandonment of the surface, the estimated 

late Quaternary slip rate is approximately 2 mm/yr. The preliminary ages and rates presented here will be 

refined through more advanced data analysis of the cosmogenic nuclide data in the near future. Based on 

these preliminary results, the upper end (> 5 mm/yr) of the previously published slip rate range (Huftile 

and Yeats, 1996) seems unlikely to be representative of slip in the late Quaternary, consistent with other 
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qualitative observations (Dawson and Weldon, 2013), and modeling of geodetic data (e.g., Marshall et al., 

2013).  
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