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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.) 

 

To better understand the likely rupture paths and slip distribution in future earthquakes on the southern 
San Andreas fault, additional slip rate measurements are needed from the Mission-Mill Creek, Banning 
and Garnet Hill strands of the San Andreas fault in northern Coachella Valley.  Work is in progress at a 
new slip rate site on the Banning fault, where an ancient channel wall of Mission Creek has been offset 
148 ± 9 m by the Banning fault.  During 2015, after a lengthy permitting process, permission was ob-
tained to excavate dating pits, and three pits were excavated at the site in January 2016.  Two 2-m deep 
pits were excavated on the old fan surface into which Mission Creek incised, and one 1.5-m deep pit 
was excavated into the alluvial deposits that post-date the incision, but that have been offset out of the 
path of the modern channel.  Twelve samples for optically stimulated luminescence dating were collect-
ed by Dr. Lewis Owen (4 samples from each pit), as well as seven samples from each of the two deeper 
pits for Be-10 depth profiles. These are being processed at the Geochronology Laboratories at the Uni-
versity of Cincinnati under the direction of Lewis Owen. Twelve charcoal samples were also collected for 
radiocarbon dating.  Processing of these samples has begun, and dates are expected before the end of 
2016.  The dates will constrain the age of incision of the offset channel wall, which can then be used to 
estimate the slip rate for this part of the Banning fault.   

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 

Working Group on California Earthquake Probabilities (WGCEP) 

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. 

 

Figure 2: Lidar image (a) and geologic map (b) of the Banning fault slip rate site, showing west edge of 

Mission Creek offset 150 meters.    (S. McGill). 

 

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 

https://www.scec.org/research/priorities
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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?  

 

The early Holocene or latest Pleistocene slip rate that will be obtained for the Banning fault as a result of 
this work will increase our understanding of how the southern San Andreas fault system works, in terms 
of partitioning of slip between various faults and various strands of the San Andreas fault, and in terms 
of changes in slip rate over time.   

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? 

 

One undergraduate and one graduate student were hired to assist with the field work for this project.  Sally McGill 

presented a public lecture on her research on the San Andreas fault to an audience of 200 at the Rancho Mirage 

public library (in a community near the field site where this study was conducted) on March 15, 2016. Post-

doctoral researcher, Paula Marques Figueriedo at the University of Cincinnati is learning how to undertake OSL 

and Be-10 cosmogenic dating using the samples we collected for this study. 

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. 

 

No publications yet from this project. 

 

http://www.scec.org/user/login
mailto:web@scec.org
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II. Technical Report 

 

A. Objectives 
To better understand the likely rupture paths and slip distribution in future earthquakes on the southern 
San Andreas fault, additional slip rate measurements are needed from the Mission-Mill Creek, Banning 
and Garnet Hill strands of the San Andreas fault in northern Coachella Valley.  This report presents work 
in progress at a new slip rate site on the Banning fault, where an ancient channel wall of Mission Creek 
has been offset by the Banning fault (Figs. 1).  The site is located at N33.91305°, W116.52646°, about 
150 m east of Little Morongo Road and about 500 m south of 18

th
 Avenue, near North Palms Springs but 

within the jurisdiction of the city of Desert Hot Springs. 
 

 
Figure 1: Purple star shows the location of the Banning fault slip-rate site at Mission Creek, in the con-

text of other slip rate measurements for the southern San Andreas fault.  BC, Badger Canyon (McGill et 

al., 2016); BF, Burro Flats (Orozco, 2004; Orozco and Yule, 2003; Yule and Spotila, 2010; see also Yule, 

2009); BP: Biskra Palms (Behr et al., 2010; Fletcher et al., 2010; see also van der Woerd et al., 2006; 

Keller et al., 1982); Cb, Cabezon (Yule et al., 2001); CC: Cajon Creek, Weldon and Sieh (1985); PL: 

Plunge Creek (McGill et al., 2013); Pt: Pitman Canyon (McGill et al., 2016);  PW: Pushawalla Canyon 

(Blisniuk et al., 2013, 2014); WC: Wilson Creek (Harden and Matti, 1989); WW: Whitewater (Gold et al., 

2015). 
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Figure 2: Lidar image (a) and geologic map (b) of the Banning fault slip rate site at Mission Creek.  Pits 1-4 

were permitted, but only pits 1, 2 and 4 were excavated.  East-west trending blue line shows location of 
topographic profile in Figure 3b. 
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At this site a terrace riser that represents the former western wall of the channel of Mission Creek on the 
downstream (south) side of the fault has been offset 150 from the western wall of the channel on the up-
stream side of the fault (Fig. 2).  The terrace riser incised into an extensive, alluvial bajada mapped as 
Qal2 in Figure 2.  This truncated terrace riser would have been difficult to identify without the B4 Lidar 
imagery.  A field visit to the site in October 2014 confirmed the existence of the riser.  It is about 1.2 m 
high and is clearly visible, though mantled by eolian sand (Fig. 3).  The riser can be traced all the way to 
the fault, both in its topographic expression (Figs. 2, 3b) and by the small boulders that are sparsely pre-
sent on the Qal2 surface but not on the lower, incised Qal1 (Figs. 2, 3a).  The strengths of this slip rate 
site are (1) the channel of Mission Creek crosses the Banning fault at a nearly perpendicular angle, (2) 
the fault zone is straight and relatively narrow at this location, (3) the truncated riser and its upstream cor-
relative can be traced all the way to the fault and do not need to be projected, and (4) the upstream chan-
nel is narrow.  This fourth point is significant because, even though it is possible that the western wall of 
the channel upstream from (north of) the fault has expanded to the west as a result of lateral erosion re-
sulting in channel widening, the location of the eastern wall of the upstream channel provides a maximum 
eastward constraint on the location of the western wall of Mission Creek at the time that the truncated 
downstream channel wall was cut, indicating an absolute maximum offset of no more than 175 m. 
 

 
  

 
 
 
  

Figure 3:  
(a) (Left): Photograph showing the terrace 

riser (view to southwest). 
 

(b) (Below): Topographic profile from B4 Li-
dar data at the location of the light blue 
line in Fig. 1.  Hypothetical subsurface 
stratigraphic relations are shown, with 
unit thicknesses consistent with rela-

tions revealed in Pit 2.   
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B. Methodology 
The offset of the truncated channel edge is tightly constrained; all that remains is to determine its age.  
The ideal approach would be to excavate a trench across the truncated riser close to the fault at the loca-
tion of the light blue line in Figure 2 and the topographic profile in Figure 3b.  This would expose the sed-
iments of the Qal2 fan into which the riser incised, and the Qal1 sediments that were deposited after the 
riser formed (Fig. 3b).  The former would provide a maximum age for the time of incision of the riser, and 
the latter would provide a minimum age.  Unfortunately, the property with the ideal trench location is 
owned by the Coachella Valley Conservation Commission and was purchased in exchange for develop-
ment elsewhere in the valley.  The Commission is unwilling to allow any disturbance of this property.  For-
tunately, a portion of the terrace riser is present farther east on a parcel owned by the Riverside County 
Flood Control and Water Conservation District, and after a lengthy process, including a biological survey, 
they permitted us to excavate several dating pits on the portions of Qal2 and Qal1 on their property (Fig. 
2).   
 
Three dating pits were excavated by hand on January 15, 2016 by Sally McGill and two students from 
CSUSB (one graduate and one undergraduate).  Pits 1 and 4 were 2-m deep pits excavated on the old 
fan surface into which Mission Creek incised (Fig. 1).  The purpose of these pits was to obtain samples 
that could be dated to provide an older bound on the age of incision of the offset channel wall.  Lewis 
Owen collected 4 optically stimulated luminescence (OSL) samples from each of these pits, with sample 
depths spread out at intervals between 40 cm and 170 cm.  He also collected 7 samples from each pit for 
10

Be depth profiles.  Interpretation of the 
10

Be depth profiles will be complicated by the unknown history of 
coverage of the surface by eolian sand, including the possibility of post-incision eolian aggradation on the 
Qal2 surface.  Interpretation of the OSL samples should be more straightforward.   We also were able to 
find and collect six charcoal samples for radiocarbon dating from Pit 1 and three charcoal samples from 
Pit 4.  In Pit 1, all six of the charcoal samples were found within the top 20-43 cm, from soft, moderately 
well sorted, bedded, medium sand (Fig. 4a).  These sediments may potentially be eolian or fluvial over-
bank deposits, in which case the charcoal samples would not provide a maximum age for the incision.  In 
Pit 4, the three charcoal samples were found at 80-90 cm depth (Fig. 4b), within laminated white silt, in-
terbedded with fine and medium sand.  The sediments below 70 cm depth in Pit 4 (including the silt layer 
containing the charcoal samples) are dense and likely represent the Qal2 distal fan/bajada deposits.    
These three charcoal samples, as well as the two lowest OSL samples from Pit 4 and the three lowest 
OSL samples from Pit 1 should all provide maximum ages for the incision of the offset channel edge, 
which led to abandonment of the Qal2 bajada surface. 
 
Pit 2 was a 1.5-m deep and was excavated into the alluvial deposits that post-date the incision (Qal1), but 
that have been offset out of the path of the modern channel.  Ideally Pit 2 would have been located within 
the portion of Qal1 immediately east of the piercing point (near the blue line in Fig. 2), so as to locate the 
first sediments that were deposited after incision of the channel, to provide the tightest possible younger 
bound on the age of incision of the offset channel wall.  The ideal location was not permissible, however, 
as noted above.  We chose the location of Pit 2 as far west as possible on the parcel owned by the River-
side County Flood Control and Water Conservation District, and as close to the fault as possible, so as to 
sample the oldest accessible portion of the Qal1 deposits.   The presence of large boulders at a depth of 
1.1 to 1.5 m prevented us from digging Pit 2 any deeper than 1.5 m (Fig. 4c).  It is possible, though not 
certain, that these boulders may represent Qal2 deposits beneath 1.1 m of Qal1.  Pit 2 is located about 
61 meters west of the west edge of the channel of Mission Creek north of the Banning fault.  The samples 
collected from Pit 2 thus have likely only experienced ~ 60 m of offset, rather than the full 150 m offset 
that the oldest part of Qal1 has experienced.  Lewis Owen collected 4 OSL samples from Pit 2, at depths 
ranging from about 30 – 90 cm.  We also collected 3 charcoal samples for radiocarbon dating, all from a 
moderately soft, 40-cm thick layer of moderately to poorly sorted fine to course sand with faint hints of 
internal bedding.  The upper two OSL samples were from this layer.  The lower two OSL samples were 
from an underlying unit that is somewhat courser (granules and sand) but is also moderately soft.  A more 
dense, well compacted sandy gravel was present below 1 m depth, and may represent Qal2.  The two 
lower OSL samples are likely from Qal1.  The charcoal samples and the two upper OSL samples may be 
from eolian deposits that bury Qal1. 
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C. Results 
Processing of the OSL and 

10
Be samples is underway at University of Cincinnati under the guidance of 

Lewis Owen. These should be completed within the next couple of months. The charcoal samples will be 
submitted for dating before the end of March 2016.  The ages will help to constrain the age of incision of 
the offset channel wall, which can then be used to estimate the slip rate for this part of the Banning fault.   
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