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Field area and background

We aim to assess the seismic hazard associated with the Rodgers
Creek and Maacama Faults north of San Francisco Bay. We focus
more specifically on the area between San Pablo Bay and Clear
Lake (see Figure 1), encompassing the cities of Petaluma, Santa
Rosa, Sebastopol and Healdsburg. Our goal is to quantify, by mea-
surement with GPS, all types of surface deformation, including sur-
face creep, to constrain and improve models of fault motions.

Figure 1: Tectonic overview of California. Our focus is on the
northern extension of the Hayward Fault in the San Francisco Bay
area, the Rodgers Creek and Maacama Faults. All faults in this
and proceeding figures are from U.S. Geological Survey and Cali-
fornia Geological Survey (2009).

We have measured and will measure the position of current mon-
uments such as National Geodetic Survey, US Geological Survey
and California Department of Transportation marks, and pins or
the like placed for other more recent surveys. Many of these are
destroyed or unsuitable for satellite observation. Therefore recon-
naissance work is a significant part of the process of developing
and observing our GPS survey network.

Importantly, The Geysers geothermal area flanks the north-east
side of the Maacama Fault as it begins in a step-over from the
Rodgers Creek Fault between Santa Rosa and Healdsburg (see
Figure 3). If we are to model the fault motions correctly, we must
also account for the deformation of The Geysers that is not asso-
ciated with plate boundary tectonics.

GPS results to date

Survey site data
Several GPS surveys have been performed in the area for a vari-
ety of purposes. Four surveys were conducted in 1994 (two), 1995
and 1996 in and around The Geysers area (Mossop and Segall ,
1997). A few sites near Santa Rosa and Healdsburg were occu-
pied as part of the GeoEarthScope Northern California survey in
2007. All of these data are publicly available through UNAVCO.

The University of Utah conducted surveys in The Geysers in 2000,
2001 (twice) and 2006 (Gettings et al., 2002) and we have been
able to obtain these data. We conducted a further survey of The
Geysers in September 2009.

We have also conducted surveys along the Rodgers Creek and
Maacama Faults step-over between Petaluma and Healdsburg in
the mid-summers of 2008 and 2009 (blue velocity vectors in Fig-
ure 3).

Figure 2: Top-left Existing marks, ideally plated by the US Geo-
logical Survey or National Geodetic Survey (formerly US Coast &
Geodetic Survey) are sought to measure. Top-right Brad walks
away from a new overnight occupation of site DIVD in The Gey-
sers area in September 2009. Bottom-left Brad secures the tripod
among shrubs. Bottom-right Gareth and Brad defy the slopes to
occupy a mark above the road.

Continuous site data
Furthermore since 2004, Plate Boundary Observatory (PBO) sites
have existed and are incorporated into our results (red velocity
vectors in Figure 3). Currently these are included by intermittent
processing at the epochs of the main surveys. As this work pro-
gresses, we will combine our solution with fully continuous GPS
velocities rigorously at the raw observation or velocity level.

Figure 3: Velocity solution obtained in this work to date. Only 13
sites that are not included in The Geysers network have been oc-
cupied more than once (blue velocity vectors). White dots indicate
GPS sites measured by Mossop and Segall (1997) and Gettings
et al. (2002), combined. These velocity data are vital to the prob-
lem to be solved here as deformation in The Geysers heavily dom-
inates and overprints any fault-related strain on the north-east side
of the Maacama Fault.

Figure 4: Fault-perpendicular profiles showing preliminary esti-
mates of relative motion across the fault zone. Top Dashed line is
the velocity profile expected for a one-dimensional elastic disloca-
tion with a locking depth of 1 km, and 8 mm/yr of motion across the
Rodgers Creek Fault and 2 mm/yr across the Maacama Fault. Bot-
tom Dashed line shows expected velocity profile with a fault locked
to a depth of 10 km and a total displacement rate of 10 mm/yr of
which 5 mm/yr is accommodated as creep on the fault plane.

Michael A Floyd, Gareth J Funning, Brad P Lipovsky
Department of Earth Sciences, University of California, Riverside, CA 92521, USA

Geodetic evidence for creep along the Rodgers Creek and Maacama fault zones, northern California AGU Fall Meeting 2009
Abstract G23B-0692

GPS

Conclusions References

Introduction
The Rodgers Creek and Maacama faults trend NNW from the San 
Pablo Bay area. The faults comprise an on-land system parallel to the 
San Andreas fault which runs along the coastline north of San Fran-
cisco. They are also the extensions of the Hayward fault to the east of 
San Francisco Bay (Figure 1). Alternative techniques used by 
Galehouse and Lienkaemper (2003)—alignment arrays—and Fun-
ning et al. (2007)—InSAR—indicate that the Hayward fault creeps at 
a rate of ~ 5 mm/yr and the Maacama fault creeps at a similar rate in 
at least two places. Evidence for Rodgers Creek fault creep di!ers, 
with the former authors determining no creep and the latter "nding 
between 3.5 and 7.5 mm/yr.

We seek to address two topics regarding the Rodgers Creek and 
Maacama faults. Firstly, to determine by a variety of techniques any 
evidence for surface creep. Further, we ultimately wish to combine 
these techniques to assess the accuracy of seismic hazard estimates 
by accounting for such fault motions. Here, we only address the 
former by presenting our developing data sets to identify and quan-
tify surface creep.

Motivation
According to the Working Group on California Earthquake Probabili-
ties’ 2007 report, the Hayward-Rodgers Creek fault system has a 31% 
probability of producing a M > 6.7 earthquake in the next 30 years. 
The accuracy of earthquake probaility assessment is highly depend-
ent on the availability and analysis of current crustal motion data, 
especially with regard to strain-releasing interseismic motions such 
as slow slip events and fault creep. Here we present three forms of 
data with which we aim to identify and quantify surface creep along 
the Rodgers Creek and Maacama faults.

Figure 1 The North Bay study area. All faults within this presen-
tation are from USGS/California Geological Survey1.

We have begun to undertake GPS surveying in the region around 
the Rodgers Creek-Maacama faults’ step-over around Santa Rosa 
and Healdsburg. Some measurements from past surevys are avail-
able through UNAVCO. Since "rst measurements in July 2008, we 
have continued to perform reconnaissance work intent on "nding 
and occupying any applicable benchmarks such as National Geo-
detic Survey marks. 

Figure 6  Close-up view of the 
alignment array in north 
Santa Rosa. By equating the 
velocities at sites RFGI and 
RFGO on the east side of the 
Rodgers Creek Fault, we 
obtain a current estimate of 
surface creep rate of ~ 5±5 
mm/yr. Imagery courtesy of 
Google Earth and the City of 
Santa Rosa.

Figure 7  GPS velocities from this study, including previous UNAVCO 
data, and PBO network sites. GPS sites shown from this study were 
measured in July 2008 and July 2009. Sites RFGE and RFGI at the align-
ment array in Santa Rosa (Figure 6) were measured additionally in Sep-
tember 2009.

Figure 8  Pro"les across the Rodgers Creek and Maacama faults show-
ing fault-parallel GPS velocities. Site velocities are used within 10 km 
either side of the pro"le. Pro"le A-A’ (left) clearly shows a step in velocity 
indicative of surface creep. The dashed line is an arctangent function 
assuming 10 mm/yr of motion across the Rodgers Creek fault, of which 
5 mm/yr is accommodated by surface creep at the fault, and a locking 
depth of 10 km. Pro"le B-B’ (right) shows the current GPS data The 
dashed line is an arctangent function assuming 10 mm/yr motion cu-
mulatively across the two faults and assuming a locking depth of 1 km 
with no surface creep. This shallow locking depth suggests that surface 
creep may have an important in#uence, although the data do not cur-
rently allow us to deter mine this rigorously along this pro"le. 

Persistent Scatterer InSAR ALOS InSAR
Conventional C-band (wavelength 5.6 cm) SAR satellites su!er from 
severe decorrelation in areas with abundant vegetation. PS-InSAR 
allows one to avoid problems of decorrelation. Likewise, ALOS uses 
an L-band wavelength of 23.6 cm which allows the radar to pen-
etrate the vegetation and permits regular InSAR.

1. U.S. Geological Survey and California Geological Survey, 2006, 
Quaternary fault and fold database for the United States, accessed 
Dec 9, 2009, from USGS web site:
http//earthquake.usgs.gov/regional/qfaults/.
2. Galehouse and Lienkaemper (2003), Inferences Drawn from Two 
Decades of Alinement Array Measurements of Creep on Faults in 
the San Francisco Bay Region, Bull. Seismol. Soc. Amer., 93, 2415-
2433; DOI: 10.1785/0120020226.
3. Funning, et al. (2007), Creep on the Rodgers Creek fault, northern 
San Francisco Bay area from a 10 year PS-InSAR dataset, Geophys. 
Res. Lett., 34, DOI: 10.1029/2007GL030836.

Figure 2  PS-InSAR data 
from ERS tracks 113 (north) 
and 342 (south). Red shows 
motion away from and 
blue shows motion to-
wards the satellite. Pro"le is 
shown in Figure 3, below.

1. PS-InSAR and GPS shows clear evidence for creep at locations along 
the Rodgers Creek fault.
2. A single two-year ALOS interferogram is yet to provide clear evi-
dence either way, although this is currently a small data set which we 
will improve upon.
3. At the cross-over of the Rodgers Creek and Maacama fault, GPS data 
suggest that the majority of the motion across the zone is accommo-
dated by the Rodgers Creek fault, although the data covers only a one 
year period, which is not what the PS-InSAR suggests.
4. We will continue to acquire, process and analyze more SAR and GPS 
data to improve our observations and, ultimately, models.

Figure 3 Pro"le across the showing a clear velocity discontinuity 
across the faults, indicating creep.

We present data from Persistent Scatterer (PS) InSAR analysis. 
This takes individual points and calculates a displacement rate 
for them relative to some ‘"xed’ pixel reference. A pro"le (Figure 
3) across the Maacama fault shows 10.1 ± 9.3 mm/yr surface 
creep rate.

Figure 4  Two-year 
( 2 0 0 6 / 1 1 / 1 8 -
2008/11/23) ALOS inter-
ferogram from track 549. 
The interferogram is not 
corrected for topogra-
phy or any interseismic 
model. Pro"le is shown 
in Figure 5, below.

Figure 5  Bottom: raw line-of-
sight (LOS) velocity from inter-
ferogram in Figure 4, above; 
second-bottom: interseismic 
model assuming 10 mm/yr dis-
placement rate on the Maaca-
ma fault (0 km) and 20 mm/yr 
on the San Andreas fault, both 
with a locking depth of 10 km.

The data from one interferogram is not good enough to determine 
successfully any creep signal from. More data with a larger time 
span is required.
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Figure 5: Zoomed view of the alignment array at Fountain Grove
Parkway, Santa Rosa. Sites RFGI and RFGO have equated ve-
locities which are shown with respect to RFGE, on the south-west
side of the fault. Ground imagery courtesy of Google Earth and
the City of Santa Rosa.

Field focus for 2010 and beyond

This summer and beyond we will be embarking on several further
weeks of field work to achieve the following goals:
1. Reoccupy sites measured in the summers of 2008 and 2009;
2. Continue to densify and expand the current network, especially

in respect of other known and available GPS data sources;
3. Seek to expand the network further north to encompass the

Maacama Fault’s northward extension;
4. Investigate the reliability of geodetic marks closer to San Pablo

Bay for the question of connectivity between the Hayward and
Rodgers Creek Faults;

5. Continue to measure sites in The Geysers for accurate modeling
of deformation not associated with plate boundary tectonics.

We will also be seeking to acquire GPS data from other sources
such as the California Department of Transportation that have
been taken place in the last ten years for incorporation into our
solution. Access to such data will also benefit our network expan-
sion reconnaissance work.
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