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SCEC Final Report: 2007 
 
Principal Investigators: John Platt (USC) and Warren Sharp (BGC) 
 
With the funding from SCEC in 2007, our research team has achieved the goals set forth in our proposal, and has 
obtained results that should be of interest to the SCEC community in future years. The primary goal of our work was 
to revise the slip rate of the Mission Creek strand of the San Andreas fault by re-evaluating both the geologic 
interpretation of the T2 offset alluvial fan, and its age. Both components of this research were presented at the SCEC 
annual meeting in 2007, were a primary focus of a joint SCEC/ SoSAFE workshop in January of 2008, and are 
currently in the early stages of preparation for submission to GSA Bulletin as a set of companion papers and as 
thesis chapters of Ph.D. students Whitney Behr (USC) and Kathryn Fletcher (UCB). 
 
U-series and 10Be Dating   
Long-term (103-105 yr) slip rates are key observable parameters of fault behavior that must be determined by dating 
measurably offset geological markers, often including Quaternary deposits or landforms.  Our knowledge of long-
term slip rates is limited therefore, in part, by the accuracy and precision of dates for such Quaternary deposits (i.e., 
alluvial fans, fluvial terraces, etc.).  Techniques for dating Quaternary deposits, such as terrestrial cosmogenic 
nuclides (TCN), optically stimulated luminescence (OSL), and uranium-series dating of soils (U-series), have 
developed rapidly during the last decade. As a result, the capability for dating deposits relevant to determining long-
term slip rates has expanded significantly, and these new techniques are now widely applied in southern California 
and elsewhere.  Relatively little is known, however, about the reliability of the resulting dates and the uncertainties 
that they may contribute to calculated slip rates.  An informative assessment of the reliability of Quaternary dating 
techniques may be obtained by applying multiple techniques to a single deposit. The T2 fan at Biskra Palms 
provides an excellent opportunity to do so. 
 
Dating the Offset T2 Fan Surface at Biskra Palms via U-series on Pedogenic Carbonate 
Kathryn Fletcher (UC Berkeley), Warren Sharp (Berkeley Geochronology Center), and Katherine Kendrick (USGS) 
 
Summary.  With 2007 funding from SCEC, Fletcher, Sharp and Kendrick carried out a program of U-series dating 
of pedogenic carbonate from well-described soil profiles of the Biskra Palms T2 fan surface.  Preliminary U-series 
dating had suggested that the T2 fan was significantly older than recently published ages of 35 ka (van der Woerd et 
al., 2006), and this has been borne out by our research this past year.  U-series dating of more than 20 samples of 
pedogenic carbonate indicate a firm minimum depositional age for the T2 fan of 45 ka (Fletcher et al., 2007).  The 
new ages indicate that the fan is at least 30% older than previously thought, with attendant implications for the long-
term slip rate of the San Andreas fault at this site.  More broadly, U-series dating of pedogenic carbonate at Biskra 
Palms has demonstrated that this technique is highly suitable for dating Quaternary deposits such as those common 
in the southern California region. Furthermore, we find consistency between the U-series dates and new 10Be dates 
by Whitney Behr and others that utilized improved sampling and analytical protocols (this report), thereby providing 
increased confidence in our new ages for the T2 fan surface. 
  
Methods and Results.  Soils developed on the T2 surface at Biskra Palms display stage 1 carbonate accumulation, 
that is, thin layers (~200-500 microns) of dense carbonate on the bottom of gravel-clasts.  Clasts bearing dense, 
translucent, visibly pure carbonate coatings (Fig. 1) were collected from Bk horizons at depths of 1.7-2.0 m from 

three soil profiles located on the upper, intermediate and lower 
surfaces of the T2 fan. Carbonate samples weighing 15-50 mg that 
were scraped from clasts and analyzed by TIMS contain ~3-10 ppm U 
and 0.1-1.0 ppm 232Th (common Th), making them geochemically 
highly suitable for U-series dating. 
 
Figure 1.  Photomicrograph of a thin pedogenic 
carbonate coating on a granitic clast. (Inverted from 
growth position.) 

 
U-series ages of 21 samples of pedogenic carbonate coatings range from 29 ± 3 ka to 49 ± 2 ka (errors are 2σ). Thus 
far, we have analyzed the entire 200-500 micron thickness of Biskra Palms carbonate coatings in order to insure 
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adequate U and Th for precise isotope measurements. Such thicknesses of carbonate may require thousands of years 
to accumulate, thus our ages are averages for the interval of carbonate accumulation in this soil horizon, and suggest 
that carbonate accumulated in the sampled Bk horizons from  > 49 ka to < 29 ka.  Since soil formation, including 
carbonate accumulation, necessarily ensues after stabilization of the fan surface, our oldest reliable pedogenic 
carbonate ages provide a minimum depositional age for the T2 surface. 
 
We consider it likely that all of our ages for samples satisfying the above textural and geochemical criteria 
accurately reflect carbonate accumulation in T2 soils, however, we adopt a further reliability criterion, as follows, 
for assigning minimum ages to soils and the deposits in which they form. We consider a soil to be reliably dated if 
ages for three or more sub-samples of carbonate from the soil agree within measurement errors. This criterion 
should guard against systematic errors that could cause our ages to be too old, including (1) failure of the 
assumption that the samples have remained closed to U and Th, or (2) the presence of inherited clast-coats (i.e., 
those initially formed in older soils in higher positions in the landscape and transported to the T2 deposit). The 
rationale is that factors (1) or (2), if present, should cause ages to scatter more than expected from analytical 
uncertainties alone. Our oldest age of 49 ± 2 does not meet this criterion (because it has not been closely replicated), 
however four sub-samples from an individual clast-coating from a soil on the upper T2 fan yield ages of 45.0 ± 0.8, 
46.0 ± 1.8, 44.8 ± 1.0, and 45.7 ± 1.0 ka, in good agreement (sample on right, Fig. 2). We therefore consider the 
mean of these ages, 45.2 ± 0.5 ka, to be a reliable minimum age for deposition of the T2 upper fan. Similar ages of 
44.2 ± 0.6 and 44.1 ± 0.9 ka obtained for carbonate coatings from the soil on the lower T2 fan support a minimum 
age of ~45 ka for the T2 surface/landform as a whole. Though our new age is surely a minimum, it is significantly 
older than the published age of 35.5 ± 2.5 ka (van der Woerd et al., 2006), which was based on 10Be dating of 
surface cobbles.  Sources of systematic error in U-series ages beyond those we have considered above are negligible.  
We therefore infer that the published 10Be ages are too young, probably due to erosion or exhumation of the dated 
cobbles.    
 

 
Figure 2: U-series results for pedogenic 
carbonate from Biskra Palms soils. 
Dashed ellipses enclose sub-samples 
from the same clast. Horizontal bar 
represents our oldest reliable age, which 
provides a minimum constraint on the 
age of the T2 surface. 
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Dating the Offset T2 Fan Surface at Biskra Palms via U-series on Pedogenic Carbonate 
Whitney Behr (USC), Bob Finkel (LLNL), Tom Hanks (USGS), Dylan Rood (LLNL), Warren Sharp (BGC) 
 
Summary, Methods, and Results.  
 
With funding from SCEC in 2007, we 
have also explored new cosmogenic 
sampling techniques, by sampling 
several boulder-tops on the T2 fan 
surface. Van der Woerd et al. (2006) 
estimated the age of the T2 fan to be 
35.5 +- 2.5 ka (1-sigma error) based on 
the age distribution obtained from 20 
10Be cobble-sized surface samples.  
However, 5 new 10Be samples that we 
collected from boulder tops were 
analyzed, and each have model ages that 
range from 35-49 ka.  These boulder-top 
samples are systematically older than the 
mean age derived from cobble-sized 
clasts (Fig. 3). The largest boulder here 
yielded an age of ~ 49 ky, which is 30% 
older than the 35 ky mean age from van 
der Woerd et al (2006). Additionally, the 
boulder-top ages appear to broadly scale 
with boulder height above the present-
day fan surface (Fig. 2). These preliminary data suggest that the oldest boulder-top samples yield minimum 
exposure ages that closely approximate the true depositional age of the T2 fan, whereas the cobble-sized samples 
may reflect erosion rates of a surface nearing secular equilibrium.  

In terms of future work, because Biskra Palms already contains a wealth of geochronologic data from different 
dating and sampling techniques, it is an ideal locality at which to examine both alluvial fan depositional and post-
depositional processes, and to test the hypothesis that boulder-top ages yield closer estimates of the depositional age 
of a surface than do cobble-sized clasts.  A primary goal of our future work is to better constrain the depositional age 
and history of the T2 fan at Biskra Palms, and thus increase the precision in the slip rate, by processing several 
additional cosmogenic 10Be dating samples that we collected recently (additional sample locations are shown in 
Figure 6 in the following section).  
 
 
Summary of Geologic Excavations 
Whitney Behr (USC), Ken Hudnut 
(USGS), John Platt (USC), Nathan 
Guzman (CSUN) 
 
The funding provided by SCEC for 2007 
has also been used to improve 
constraints on the offset of the T2 
alluvial fan at Biskra Palms (Behr, 
2007). Our group excavated several large 
trenches across geomorphic features on 
or near the T2 fan to determine whether 
they were the surface expressions of 
faults that might affect the total amount 
of offset of T2 across the main strand of 
the Mission Creek fault. During the 
spring of 2007, Behr, Hudnut, and Platt 
excavated a total of 9 fault trenches and 

Figure 3: Schematic geologic map showing the locations of each 
boulder-top sample and their respective cosmogenic ages. 

Figure 4:  Plot of boulder height versus exposure age for the 5 
boulder-top samples analyzed for 10Be concentrations. 
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8 pit trenches (for soil descriptions) distributed among all three levels of the T2 fan and on nearby terrace surfaces. 
Behr and Guzman photographed, logged and documented these trenches using various techniques depending on the 
size and purpose of the trench. These trenches have enabled us to a) locate a high angle scissors fault that offsets the 
T2 fan (Fig. 5), b) locate the edge of the T2 fan between the two strands of the Mission Creek fault, which provides 
a useful piercing point for restoring the offset, and c) provide several fresh cuts of the T2 fan in which Kendrick 
described the soils and d) sample for U-series 
on pedogenic carbonate, OSL, and 
cosmogenic depth profiling. It should be 
noted that just after completion of our trench 
work and sample collection at Biskra Palms, 
the entire lower surface of the fan (T2d on 
Fig. 6) was destroyed in preparation for 
quarrying.  We were fortunate to have 
completed all of our excavations, descriptions 
and sampling prior to this. 
 
Additionally, the trenches, in conjunction 
with detailed LiDAR data from the B4 data, 
have aided in developing an accurate 
geologic map of the Biskra Palms area (Fig. 
6).  Further trenching is still being undertaken 
at Biskra palms using separate funds to 
determine whether the lower section of the 
T2 fan is overridden by a thrust fault or 
landslide, and hence our models for the offset 
are still subject to revision.  Overall, however, 
our revised estimates of the age and the offset 
of the T2 fan suggest that the maximum long-
term geologic slip rate on the Mission Creek 
strand of the SAF is significantly less than the 
most recent geodetic estimate of 25±3 mm/yr (Fialko, 2006).  Our final results of the offset of the T2 fan will 
include a maximum, minimum, and preferred model that summarizes the epistemic uncertainty in determining the 
true offset of this fifty-thousand-year-old complex geomorphic feature. 
 

Figure 5: Trench exposure showing the high angle scissors 
fault that offsets the T2 alluvial fan and affects the total offset 
across the Mission Creek strand of the San Andreas. 



 
 
 
 

5 

 

 
References Cited 
 
Behr, W.M., Hudnut, K.W., Platt, J.P., Hanks, T.C., Kendrick, K.J., Sharp, W.D., Fletcher, K.E., Finkel, R., Rood, 

D.H., 2007. A revised slip rate estimate for the Mission Creek strand of the southern San Andreas fault at 
Biskra Palms Oasis, Indio, California, in Abstracts for Programs at the 2007 Annual Meeting of the Southern 
California Earthquake Center in Palm Springs. 

Fialko, Y., 2006.  Interseismic strain accumulation and the earthquake potential on the southern San Andreas fault 
system.  Nature 44:968-971. 

Fletcher, K. E., Sharp, Warren D., Kendrick, Katherine J., Behr, W. M., Hudnut, K. R., and Hanks, T. C. (2007) A 
New, Older Age for the ‘T2’ Fan Surface at Biskra Palms from U-series Dating of Pedogenic Carbonate: 
Implications for Landform Dating and Long-Term Slip Rates on the Southern San Andreas Fault. SCEC 2007 
Annual Meeting Abstracts with Programs. 

van der Woerd, J., Klinger, Y., Sieh, K., Tapponier, P., Ryerson, F. J., Meriaux, A. (2006). Long-term slip rate of 
the southern San Andreas Fault from 10Be-26Al surface exposure dating of an alluvial fan. Jour. Geophy. Res.-
Solid Earth 111 (B4): Art No. B04407. 

Figure 6: Geologic map superimposed on the B4 LiDAR data. The Mission Creek strand of the SAF is split 
into two separate segments, each trending E-W.  The ‘scissors’ fault connecting the two strands of the MCF 
and offseting T2i was discovered by excavating a trench across the fan edge.  Black dots are the locations 
of our cosmogenic samples taken from boulder-tops on T2, five of which have been processed with funds 
from SCEC 2007. 


