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I. Project Overview 

A. Abstract 
In the box below, describe the project objectives, methodology, and results obtained and their signifi-
cance. If this work is a continuation of a multi-year SCEC-funded project, please include major research 
findings for all previous years in the abstract. (Maximum 250 words.) 
 
     The San Andreas Fault (SAF) is the primary structure accommodating motion between the Pacific and 
North American plates. The Coachella Valley segment of the southern SAF has not ruptured historically, 
and is considered overdue for an earthquake because it has exceeded its average recurrence interval. In 
the northwestern Coachella Valley, this fault splits into three additional fault strands: the Mission Creek 
strand, which strikes northwest in the San Bernardino Mountains, and the Banning and Garnet Hill strands, 
which continue west, transferring slip into San Gorgonio Pass. Determining how slip is partitioned between 
these faults is critical for southern California seismic hazard models. Recent work near the southern end of 
the Mission Creek strand at Biskra Palms yielded a slip rate of ~14-17 mm/yr since 50 ka, and new meas-
urements from Pushawalla Canyon suggest a possible rate of ~20 mm/yr since 70 ka. Slip appears to trans-
fer away from the Mission Creek strand and to the Banning and Garnet Hill strands within the Indio Hills, but 
the slip rate for the Garnet Hill strand is unknown and the 4-5 mm/yr slip rate for the Banning strand is appli-
cable only since the mid-Holocene. Additional constraints on the Holocene slip rate for the Mission Creek 
strand are critical for resolving the total slip rate for the southern SAF, and also for comparing slip rates on 
all three fault strands in the northern Coachella Valley over similar time scales.  
     We have identified a new slip rate site at the southern end of the Mission Creek Fault between Pusha-
walla Canyon and Biskra Palms Oasis. At the Three Palms Site, three alluvial fans sourced from adjacent 
catchments have been displaced by the Mission Creek Fault.  The central fan is best preserved and records 
a right lateral displacement of ~57 ± 3 meters. Uranium-series dating of pedogenic carbonate rinds constrain 
the minimum depositional age of this fan. A single sample from which 3 fractions were dated gave a model-
independent isochron age of 3.3 +/- 0.6 ka, and the 5 oldest fractions gave a weighted mean age of 3.49 +/- 
0.92 ka (95%CI).  For comparison to the U-series, we also dated 14 samples using cosmogenic 10Be.  The 
10Be dataset yielded substantial scatter, with ages ranging from 5.2-24.3 ka, and a mean age substantially 
older than the U-series of 13.6+12.0/-8.6 ka.  Three 10Be ages cluster around 5.2 ka, and we interpret the-
se to represent the maximum depositional age of the fan, with the rest of the 10Be ages recording variable 
amounts of inheritance. A cosmogenic depth profile was not sampled because trenching revealed a buried 
soil and new deposit at 0.9 m depth.  Combining the offset of 57 +/-3 and interpreted depositional age of 
3.3-5.2 ka yields an estimated Holocene geologic slip rate of 10-22 mm/yr. This slip rate overlaps within er-
ror the late Pleistocene rates of 12-22 mm/yr at Biskra Palms to the east and is toward the lower end of the 
unpublished slip rate by Blisniuk et al. of 20-27 mm/yr measured west at Pushawalla Canyon. 

B. SCEC Annual Science Highlights 
Each year, the Science Planning Committee reviews and summarizes SCEC research accomplishments, 
and presents the results to the SCEC community and funding agencies. Rank (in order of preference) the 
sections in which you would like your project results to appear. Choose up to 3 working groups from be-
low and re-order them according to your preference ranking. 
 

Southern San Andreas Fault Evaluation (SoSAFE) 
 Earthquake Geology 
 Seismology 

C. Exemplary Figure 
Select one figure from your project report that best exemplifies the significance of the results. The figure 
may be used in the SCEC Annual Science Highlights and chosen for the cover of the Annual Meeting 
Proceedings Volume. In the box below, enter the figure number from the project report, figure caption and 
figure credits. 
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Figure 2. 

D. SCEC Science Priorities 
In the box below, please list (in rank order) the SCEC priorities this project has achieved. See 
https://www.scec.org/research/priorities for list of SCEC research priorities. For example: 6a, 6b, 6c 
 

1a, 4a, 4b, SoSAFE, SGP SFSA 

 

E. Intellectual Merit 
How does the project contribute to the overall intellectual merit of SCEC? For example: How does the 
research contribute to advancing knowledge and understanding in the field and, more specifically, SCEC 
research objectives? To what extent has the activity developed creative and original concepts?  
 
Geologic slip rate data represent a primary input into earthquake hazard models for southern California.  
They also provide fundamental information about the constancy of seismic strain release, earthquake 
clustering, and fault loading mechanisms.  Determining a Holocene slip rate for this section of the fault is 
critical for clarifying the total amount of southern San Andreas Fault slip transferred on to the Mission 
Creek Fault, and in turn for determining the proportion of southern San Andreas Fault slip that has been 
transferred to the Banning fault within the Indio Hills over Holocene timescales.  In addition to obtaining 
slip rate data, we are testing the effectiveness of different cosmogenic sampling strategies and Quater-
nary geochronology techniques, which will be important to SCEC-related slip rate studies elsewhere. 

F. Broader Impacts 
How does the project contribute to the broader impacts of SCEC as a whole? For example: How well has 
the activity promoted or supported teaching, training, and learning at your institution or across SCEC? If 
your project included a SCEC intern, what was his/her contribution? How has your project broadened the 
participation of underrepresented groups? To what extent has the project enhanced the infrastructure for 
research and education (e.g., facilities, instrumentation, networks, and partnerships)? What are some 
possible benefits of the activity to society? 
 
This research has thus far supported two students: a female undergraduate (Fryer) and a Hispanic M.S. 
student (Munoz).  Fryer has conducted this work as her senior honors thesis at UT and had the opportuni-
ty to present at both SCEC and AGU and Munoz presented at SCEC in 2016 and will present at AGU this 
December. This work has also supported a female early career researcher (Behr).   This research was 
also featured as part of a graduate-level Neotectonics course taught by PI Behr—the students in this 
course came to the Three Palms field area and learned about Quaternary mapping. 

G. Project Publications 
All publications and presentations of the work funded must be entered in the SCEC Publications data-
base. Log in at http://www.scec.org/user/login and select the Publications button to enter the SCEC Pubi-
cations System. Please either (a) update a publication record you previously submitted or (b) add new 
publication record(s) as needed. If you have any problems, please email web@scec.org for assistance. 
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II. Technical Report 

A. Project Objectives 
Geologic slip rate data represent a primary input into earthquake hazard models for 

southern California. They also provide fundamental information about the constancy of seismic 
strain release (Peltzer et al., 2001; Oskin and Iriondo, 2004; Blisniuk et al., 2010; Frankel et al., 
2011), earthquake clustering (Rockwell et al., 2000; Oskin et al., 2008), and fault loading mech-
anisms (Hetzel and Hampel, 2005; Hampel et al., 2010; Cowie et al., 2013).  An area of consid-
erable complexity where geologic slip rate studies have been focused for several years is the 
Coachella Valley segment of the southern San Andreas Fault (sSAF) in southern California.  
Here the sSAF transitions along strike from a single right-lateral strand near the southeast Indio 
Hills to an intricate network of right-lateral-reverse faults in the San Gorgonio Pass area (Allen, 
1954; Dibblee, 1964; Matti and Morton, 1993; Yule and Sieh, 2003). The northern-most strand 
of the SAF in this region (the Mission Creek fault) intersects and may transfer slip onto several 
faults of the ECSZ, including the Pinto Mountain and Morongo Valley faults, whereas the south-
ernmost strand bifurcates into two splays, the Banning and Garnet Hill faults, that together form 
the San Gorgonio Pass thrust system to the west. Slip rates for the Mission Creek strand of the 
fault in the southeastern Indio Hills have been constrained for Pleistocene timescales, although 
uncertainties are large (14-27 mm/yr, Behr et al., 2010, Blisniuk et al., 2013).  The purpose of 
this SCEC-funded project is to determine the Holocene geologic slip rate for the Mission Creek 
strand of the sSAF in the southeast Indio Hills.  This slip rate will be compared to previously es-
timated Pleistocene rates for the Mission Creek Fault as well as to recently published Holocene 
slip rates for the Banning fault reported by Gold et al. (2015).  This slip rate is important for de-
termining the proportion of sSAF slip that has been transferred to the Banning Fault within the 
Indio Hills over Holocene timescales. 

 
Figure 1. Map of the southern San Andreas Fault System in the northwest Coachella Valley region show-
ing published and in-prep for publication geologic slip rates.  New slip rate measured at the Three Palms 
Site is shown in green. 
 

B. Three Palms Slip Rate Site 
The Three Palms site is located along the southern Mission Creek Fault ~2 km south-

east of Pushwalla Canyon and ~3 km northeast of Biskra Palms Oasis. At the site, three well-
preserved alluvial fans appear to have been offset ~57 m from correlative surfaces and their 
source catchments. Based on similar pavement development and offset amounts, we interpret 
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these surfaces to be similar in age (mid-Holocene, if we assume a slip rate on the order of 15-
25 mm/yr). Topographic and geomorphic evidence is consistent with the upper deposits of all 
three fans having been deposited by a single rapid depositional event. 
 

C. Results of 2015 and 2016 SCEC funding at this site 
Our goals for this project (funded in 2015 and 2016) were to a) map the site in detail and 

develop maximum, minimum and preferred models for the fan offsets, and b) date the offset 
fans using both U-series and cosmogenic 10Be. In March 2015, PI Behr, UT Ph.D. student Peter 
Gold and undergraduate honors student Rosie Fryer mapped the Three Palms site in the field. 
Our mapping confirmed the LiDAR and air photo interpretation that there are three small offset 
fans/debris cones along the Mission Creek fault at this locality. All three fans have the same de-
gree of soil development, similar degrees of varnish and similar surface morphologies, con-
sistent with the interpretation that they are all approximately the same age and show the same 
amount of offset (Fig. 2).  We’ve developed maximum, minimum and preferred offset models by 
reconstructing the fan margins and apexes—our preferred displacement is 57 +/- 3 m. 

One of the 0.5-m pits dug on the southern segment of the central fan surface revealed 
numerous clasts with very thin rinds of pedogenic carbonate. In July of 2015, undergraduate 
Rosie Fryer prepped and analyzed the carbonate rinds at the Berkeley Geochronology Center 
with Warren Sharp’s assistance. Several of the samples were rich in common Th, which ren-
dered them un-datable, but those that we were able to date yielded consistent and precise re-
sults for the young age of the surface. A single sample from which 3 fractions were dated gave 
a model-independent isochron age of 3.3 +/- 0.6 ka, and the 5 oldest fractions gave a weighted 
mean age of 3.49 +/- 0.92 ka (95%CI).  

In December 2015, PI Behr, Ph.D. student Gold and UT M.S. student Juan-Jose Munoz 
returned to the Three Palms Site to collect samples for 10Be geochronology.  We collected 10 
surface cobbles and small boulders from the central fan, 1 amalgamated cobble sample from 
the central fan, as well as amalgamated sand and cobble samples from the modern wash.  We 
also dug a pit for depth profile sampling, but encountered a new debris flow deposit and associ-
ated soil at ~0.9 m depth, so decided against taking depth profile samples.  The 13 samples 
were processed at Arizona State University in Arjun Heimsath’s lab in the summer of 2016, and 
were measured at LLNL in early September.  The 10 individual samples collected from the cen-
tral fan yield ages ranging from 5.2 ka to 24.3 ka, with a mean age of 13.6 +12.0/-8.6 ka.  The 
amalgamated cobble sample from the central fan yielded 13.3 +/- 1.3 ka.  Amalgamated sand 
and boulder samples from the modern wash yielded ages of 15.1 +/- 1.5 ka and 14.5 +/- 1.4 ka, 
respectively.  The substantial scatter in the 10Be dataset, the separation of the mean 10Be age 
from the U-series minimum depositional age, and the high 10Be concentration in active wash 
samples indicates there is substantial and variable inheritance in the surface clasts.  Because of 
this inheritance signal, we interpret the cluster of three youngest 10Be ages as best approximat-
ing the maximum depositional age for this fan, as erosion rates are likely minimal over this short 
timescale.   

D. New Holocene slip rate estimate for the Mission Creek Fault 
Combining the preferred offset of 57 +/-3 m and interpreted depositional age of 3.3-5.2 

ka yields an estimated Holocene geologic slip rate of 10-22 mm/yr. This slip rate overlaps within 
error the late Pleistocene rates of 12-22 mm/yr at Biskra Palms to the east and is toward the 
lower end of the unpublished slip rate estimate by Blisniuk et al. of 20-27 mm/yr measured west 
at Pushawalla Canyon.   
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Figure 2. [A&B] Air photo and DEM showing offset alluvial fans along the Mission Creek Fault in 
the Indio Hills. [C&D] Color-coded fans and preferred offset model yielding ~57 meters. Orange 
dots show locations of soil pits dug on either side of the fault in the central fan ([C-D].  Upper 
right shows plot of U-series ages on pedogenic carbonate collected from the central fan lobe 
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south of the fault. 
 
 

This research has thus far supported two students (Fryer, Munoz) and involved three 
(Fryer, Munoz, Gold).  UT honors undergraduate Fryer presented her results at the Annual 
SCEC meeting in 2015 and at the annual AGU Meeting in San Francisco, and her work was 
written up as a UT honors thesis.  JJ Munoz presented his findings at the 2016 Annual SCEC 
meeting and will also present at AGU this December. The combined U-series and 10Be geo-
chronology and associated slip rate for this site will be written up as a manuscript for JJs M.S. 
thesis and will be submitted for publication in a well regarded peer-reviewed journal such as 
JGR-Solid Earth or GSA Bulletin. 
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