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an Alquist-Priolo Earthquake Fault Zone or within 300 meters (1,000 feet) of an un-zoned fault 
15,000 years or younger in age.  
 
The Leona Heights Pedestrian Overcrossing was constructed in 1965. The bridge was retrofitted 
in 1994. Please see Attachment A for the most recent bridge inspection report, which includes a 
bridge description. 
 
This fault displacement hazard evaluation consisted of reviewing selected literature and LiDAR 
images, bridge records, a site visit, and deterministic and probabilistic calculations of potential 
offset.  
 
LITERATURE AND FIELD REVIEW 
 
Alquist-Priolo EFZ Map, FER 102, and Alquist-Priolo Studies 
 
The Alquist-Priolo Special Studies Zones Map (East Oakland Quadrangle; State of California, 
1982) is shown on Figure 2. An inferred fault strand (short-dashed line) crosses within the Leona 
Heights POC.  
 
Northwest of the bridge, the inferred fault strand was mapped based on the work of several 
researchers, and Holocene offset was documented in one, while the other two lacked Holocene 
sediments. CGS FER 102 (CDMG, 1980) states: 
 

“…Radbruch-Hall (1974) recognized one right-laterally deflected drainage and a trough 
[along the fault trace northwest of the Leona Heights POC]. Herd (1978) also recognized 
a series of buried scarps within this same area.  
 
Of the consulting reports completed along [the trace northwest of the Leona Heights 
POC], Engeo (1977a, AP Site 538) found a highly complex zone of active faults about 80 
feet wide. They documented two traces which reportedly cut soil horizons, and suspect 
that a third such trace exists.  
 
Just to the north, Hallenbeck-McKey and Associates (1978b, AP Site 911) found what 
they believed was a strand of the Hayward, however, the site had been graded prior to 
their investigation and the young, diagnostic materials removed.  
 

 
Southeast of the POC, Herd (1978) mapped the inferred fault strand. FER 102 (CDMG, 1980) 
states that this strand “was mapped by Herd (1978), based on aligned scarps. It appears that such 
a trace could conceivably exist….however, no other works have identified these [scarps] as fault-
produced.”  
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A fault evaluation study was conducted southeast of the bridge at Mountain Avenue and 
Observatory Drive (AP Site 2388; GeoResource Consultants, 1989). A slickensided shear was 
observed in bedrock in a trench excavated at the site, but the bedrock was overlain by fill and not 
by Holocene sediments, which could provide the age of faulting.  
 
Lienkaemper (2008) 
 
Figure 3 shows Lienkaemper’s (2008) map of the Hayward fault near the Leona Heights POC. 
Lienkaemper’s (2008) closest splay of the Hayward fault (heavy red) is approximately 330 
meters (1,100 feet) west of the bridge. This map does not show every possible active fault trace, 
but only the most well-defined active traces (Lienkaemper, personal communication). 
 
Logs of Test Borings  
 
The Logs of Test Borings (LOTBs; August 1962) for this bridge shows shale bedrock at the west 
end of the bridge, and serpentine bedrock on the east end of the bridge. While the LOTBs show 
different rock types at each end of the bridge, and the bridge lies on a mapped fault strand, the 
difference in rock types may not be fault-related. The Franciscan Complex bedrock is a block-in-
matrix rock (Medley, 1994). In the Franciscan Complex, rocks are not necessarily laterally 
continuous, and very different rock types may be found within a few meters of each other 
without recent faulting. 
 
As-Built Plans 
 
During construction in the early 1960’s, large areas of SR 13, including under the Leona Heights 
POC, were excavated and backfilled. The as-built plans note “unsuitable material,” probably 
saturated fault gouge and unconsolidated young sediments.  
 
Bridge Inspection Reports 
 
A bridge inspection report (8/15/2013; Attachment A) describes settlement of the stairs and 
curbs at Bent 2. The stairs are founded on spread footings in poor soils. There is no clear sense of 
slip and this deformation could be attributed to settlement and poor sub-base, as described below 
at the Carson Street Onramp. This may not be an active fault-related feature, although it indicates 
that the bridge lies in a fault zone with sheared fault gouge and saturated, unconsolidated 
sediments.  
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Carson Street Onramp 
 
The Carson Street onramp to southbound SR 13 passes under the Leona Heights POC and ends 
approximately 50 meters south of the POC. Carson Street onramp is a single-lane entrance to 
southbound SR 13. There are signs of pavement cracking and settlement at the side of an 
embankment constructed of engineered fill.  
 
One large pavement crack, apparently unconnected to the engineered fill described above, cuts across 
the highway approximately parallel to the regional strike of the Hayward fault. It aligns with a cut 
slope across the highway. It is uncertain whether this is a fault-related feature or unrelated settlement 
and erosion. A 72 inch-diameter storm drain pipe crosses under SR 13 within the limits of the 
distressed shoulder section. Carlos Mora of District 4 Hydraulics confirmed that the interior of the 
storm drain shows no signs of distress or offset. 
 
Geomorphology 
 
I visited the site in January 2014. In addition to the bridge and roadway damage described above, 
several geomorphic features that align with the regional trend of the fault were observed (Figure 
4). Within Leona Heights Park a swale and two slopes next to SR 13 align with the trend of the 
fault. These features are consistent with active fault zone, but do not conclusively confirm 
Holocene activity on this mapped strand.  
 
Literature Review and Site Visits – Conclusions 
 
The most well-defined and most active strand is mapped by Lienkaemper (2008) approximately 
330 meters west of the bridge. The Leona Heights POC is located within a broad zone of fault-
related deformation, likely containing multiple fault strands. Holocene-active and possible 
Holocene-active faults were exposed in Alquist-Priolo trenches along this trace. While none of 
the geomorphic features around the bridge conclusively define an active fault, taken together 
with the trenches, they indicate that an active fault underlies the bridge, as shown on the Alquist-
Priolo map. This fault should be considered a potential source of offset within the bridge 
footprint, although the relative proportion of activity on this strand is unknown. 
 
CALCULATIONS OF EXPECTED OFFSET 
 
To quantify potential fault offset, I used a spreadsheet developed by the Division of Research 
and Innovation in collaboration with Geotechnical Services, based upon methods presented in 
Petersen, et al. (2011), and Abrahamson (2008). Both a deterministic fault displacement analysis 
and a probabilistic fault displacement analysis were performed. The input parameters included 
maximum magnitude, slip rate, mapping and base map errors, and average block model moment 
reduction (aseismicity factor).  
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Mmax 
 
The Mmax of 7.3 is cited in the Caltrans fault database1, which references the USGS (2008).  
 
Slip Rate 
 
This report uses the slip rate from Dawson and Weldon (2012) of 9 mm/year.  
 
Creep and Average Block Model Moment Reduction (Aseismicity Factor) 
 
The Hayward fault is creeping at 4±0.06 mm/year at the La Salle observation site about 4.6 
kilometers (2.9 miles) northeast of the Leona Heights POC (Weldon et al., 2012). Creep sites 
along the northern Hayward fault have been monitored for 20-35 years.  
 
Average slip on the fault as a whole should be reduced by the ratio of creep to slip rate for 
calculations of potential offset. We apply an average block model moment reduction (aseismicity 
factor) of 0.15 presented in the Uniform California Earthquake Rupture Forecast (UCERF 3; 
Weldon, et al., 2012). This has the effect of reducing the predicted offset to account for the 
reduction in moment created by creep on the fault plane.  
 
Empirical Slip Measurements 
 
Although numerous trenches have been excavated near the bridge and on the northern Hayward 
fault, there is a lack of published empirical slip measurements and none were incorporated into 
the spreadsheet. Alquist-Priolo trenches are usually excavated with the sole purpose of locating 
the fault and defining a building setback, and rarely are used to investigate earthquake histories 
or coseismic slip. Aagaard, Lienkaemper, and Schwartz (2012) show that slip on the creeping 
Hayward fault occurs through creep, coseismic slip, and post-seismic deformation. They write 
“…for the Hayward fault the models suggest that the long-term geologic slip will be dominated 
by contributions from interseismic creep and afterslip with a minimal contribution from 
coseismic slip.” These sources of slip cannot usually be differentiated in trench exposures.  
 
Site-to-Source Distance 
 
Lienkaemper (2008) shows the most active traces of the Hayward fault approximately 330 
meters (1,100 feet) west of the bridge. The fault shown on the Alquist-Priolo map (State of 
California, 1982) lies within the bridge footprint (distance = 0). 
 
 

                                                           
1 CT fault database: http://dap3.dot.ca.gov/shake_stable/v2/technical.php 
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Distributed Rupture  
 
The methodology of Peterson et al. (2011) allows multiple strands to be weighted to account for 
rupture distribution. Peterson et al. (2011) discuss the assessment of distributed ruptures for fault 
rupture hazard along strike-slip faults (electronic supplement, Section 2).  
 

“In contrast to principal fault rupture, we define the term distributed faulting as surface 
rupture that occurs along faults off of the principal fault trace and in response to an 
earthquake along the principal fault. Distributed ruptures . . . can occur on a variety of 
structures either related to the principal fault that ruptures during an earthquake, or along 
separate structures with no direct connection to the principal fault either at the surface or 
at depth. . . . Unlike the hazard presented by the principal fault trace, where the location is 
usually known from geologic mapping, distributed ruptures and their associated 
displacements can be along faults and structures that are unrecognized or are too small to 
be considered an independent seismogenic source.” 

 
In most cases, multiple fault strands lie close enough to each other and close enough to the 
structure that distributing slip among the strands results in a calculated offset at the bridge site 
that is influenced by each strand, and close to the total offset possible on or near the fault. At the 
Leona Heights POC, the dominantly active trace of the Hayward fault mapped by Lienkaemper 
(2008) lies far away enough from the bridge that it does not contribute to the calculated potential 
offset at the bridge. Thus, the calculated potential offset at the bridge is a direct function of the 
weight given to the fault shown on the Alquist-Priolo map.  
 
Very little information is available to assess the relative proportion of Holocene activity on the 
second strand. Features indicating active faulting around this trace and around the Leona Heights 
POC are described in this report. The area is heavily urbanized and many geomorphic features 
have been destroyed. The weight assigned to this strand is highly subjective and could be revised 
in the future.  
 
The fault mapped by Lienkaemper (2008) 330 meters from the bridge was weighted 80%, while 
the Alquist-Priolo fault (State of California, 1982) location within the bridge footprint was 
weighted 20%.  
 
Calculated Potential Offset at the Bridge 
 
The deterministic offset calculation results are shown in Figure 5. The probabilistic calculation 
results are shown in Figure 6. The probabilistic calculation yielded a larger offset and will be 
used per MTD 20-8.  

Fault Offset within the Bridge Footprint 
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Up to 0.5 meters (1.6 feet) of right-lateral offset could occur within the bridge footprint during an 
earthquake on the Hayward fault (Figure 6). 

Vertical Displacement 
Vertical displacements of up to 10% of the horizontal displacements, or 0.05 meters (2 inches) 
should be expected to occur with the horizontal displacements.  
 

Table 1 - Results of Offset Calculations 
Scenario Site-to-source 

distance 
Deterministic 

offset 
Probabilistic offset, 

975 yr return 

80% Lienkaemper 
20% Alquist-Priolo 

330 m Lienkaemper 
0 m Alquist-Priolo  

0.3 m (1 foot) 0.5 m (1.6 feet) 

 
RECOMMENDATIONS 
 
No further geologic work is recommended at this time. If the bridge is prioritized for retrofit, this 
study should be reexamined in case there is new work on this fault or on rupture distribution that 
might change the assumptions used here. If you have any questions, please contact Anna 
Sojourner at (510) 622-8839.  
 
c:  TPokrywka, CRisden, Daily File 
ASojourner/mm 
Attachments: Figures 1 – 6; Attachment A 
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Graph showing deterministic offset within the bridge footprint, with 
80% of offset on Lienkaemper (2008) trace and 20% on AP Map trace.
Offset at the bridge (distance = 0) could be up to 0.3 meters. 
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Graph showing probabilistic offset within the bridge footprint, with 
80% of offset on Lienkaemper (2008) trace and 20% on AP Map trace.
Offset at the bridge (distance = 0) could be up to 0.5 meters. 
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