Part B, CSP – San Francisco to San Juan Bautista

The section of the northern SAF between San Francisco and San Juan Bautista is among the most critical parts of the San Andreas Fault in terms of seismic hazard because of its proximity to the densely populated San Francicsco Bay region (Figure B1). It is also among the most enigmatic, because few paleoseismic studies have been successfully conducted along this section of the fault. It is poorly studied for two primary reasons: the northern part of this fault section is highly urbanized (Figures B2 and B3) and the southern part traverses the densely vegetated southern Santa Cruz Mountains (Figure B4). ALSM data for this part of the SAF has the potential to provide the key to finding paleoseismic sites along this section of the fault. Understanding the detailed topography beneath the dense vegetation is essential for developing both slip-rate and earthquake chronology paleoseismic sites.

This part of the 1906 rupture of the SAF has been subdivided into two fault segments based on geologic and seismic data from the 1838, 1989, and 1906 earthquakes, variability of geodetically determined slip in the 1906 earthquake, differences in estimates of long-term geologic slip rates, and changes in fault orientation relative to the bounding and adjacent fault segments (WGCEP, 2003). The Peninsula segment extends from the Golden Gate south to near Los Gatos, and the Santa Cruz Mountains segment from near Los Gatos to San Juan Bautista, the southern end of the 1906 fault rupture (Lawson, 1908, Prentice and Schwartz, 1991) (Figure 1). The segment boundary between the two is defined by a restraining bend that occurs near Los Gatos, in the region of the 1989 Loma Prieta earthquake. Additionally, a M7 earthquake that occurred in 1838 is widely believed to have ruptured the Peninsula SAF (Toppozada and Borchardt, 1998; Hall et al., 1999) but not any part of the fault north of the Golden Gate.

Several key issues remain to be resolved regarding fault behavior along the Peninsula and Santa Cruz Mountains segments of the SAF. No paleoseismic investigation has yet found direct evidence that the 1838 rupture occurred on the SAF (Hall et al., 1999 found indirect evidence to suggest 1838 occurred on the SAF, but no conclusive evidence has yet been found). Because there are numerous other subsidiary faults that could have produced this event, determining whether it was indeed on the SAF remains an open question. This is very important in understanding fault behavior since only 68 years elapsed between 1838 and 1906, and studies of other segments of the northern SAF suggest much longer recurrence intervals. 

The current report of the Working Group on California Earthquake Probabilities (WGCEP, 2003) hypothesizes that much of the seismic moment released by the northern SAF occurs during large 1906-type events about every 380 years, rather than in smaller events confined to the individual segments, such as the 1838 earthquake.  Paleoseismic investigations on the North Coast segment have estimated mean recurrence intervals of surface-fault ruptures  that vary from of 100 to 250 years (Niemi et al., 2003; Zhang et al., 2003) to 200 – 400 years (Prentice, 1989; Prentice  et al., 2000; Prentice et al., 2001)  Which, if any, of the paleoseismic events documented at these sites correlate with 1906-like ruptures, and which could be due to more local, smaller events remains uncertain. The Peninsula segment lies between the North Coast and Santa Cruz Mountains segments, and thus developing a well constrained event chronology for the Peninsula segment would provide a key to better understanding which paleoseismic events documented on the North Coast may have extended through to the Santa Cruz Mountains segment. Paleoseismic studies along the North Coast segment suggest large earthquakes occur typically every few hundred years (Prentice, 1989, Knudsen et al., 2002), implying much different behavior than along the Peninsula SAF, if the 1838 event was produced by the SAF. 

Findings from recent detailed paleoseismic studies on the Santa Cruz Mountains segment (Fumal et al., 2003) suggest that large magnitude surface-rupturing earthquakes may be more frequent on individual fault segments comprising the northern San Andreas fault than are ruptures of the entire 1906 segment. No information is available about earthquakes prior to 1838 along the Peninsula segment, and only one site along the Santa Cruz Mountains segment has provided information about events prior to the penultimate earthquake (Fumal et al., 2003). Because this site is near the northern end of the creeping section, it is possible that, like the Parkfield segment immediately south of the creeping zone, this section of the fault may produce more frequent smaller events than occur along the other segments of the northern SAF. How often 1906-type ruptures occur and whether smaller earthquakes rupture individual segments more frequently is of crucial importance to San Francisco Bay area seismic hazard. Finding viable additional paleoseismic sites along the Peninsula and Santa Cruz Mountains fault segments is critical to advancing the understanding of fault behavior and seismic hazard. ALSM data has the potential to reveal paleoseismic sites that can be developed to advance our understanding of the northern SAF.


In addition to questions about earthquake paleo-chronologies, significant questions remain about the slip rate along the northern SAF. In particular, Hall et al. (1999) propose that the slip rate along the fault is significantly lower south of the Golden Gate (17 mm/yr south of the Golden Gate versus 24 mm/yr north of the Golden Gate). However, more recent studies suggest the difference north and south of the Golden Gate may be negligible (Prentice et al., 2001). Only one long-term slip rate site has provided well-constrained long-term slip information on the Peninsula segment (Hall et al., 1999) and little long-term slip-rate data are available anywhere else along the SAF south of the Golden Gate. ALSM data also has the potential to reveal paleoseismic sites that can be developed to advance our understanding of the slip rate of the northern SAF.
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