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Work at a number of sites along the southernmost San Andreas fault has 

demonstrated the same things – that the fault has sustained a major surface rupture during 
the past 335 years (post AD 1670), with most workers placing it during the most recent 
Lake Cahuilla highstand at ca AD 1690. However, due to the inherent problems of the 14C 
calibration curve for the past four centuries, 14C dating alone cannot precisely resolve the 
timing of that lake. There also appear to be misconceptions in the historical records and 
timing of the last Lake Cahuilla highstand, which creates further problems in 
distinguishing the timing of lakes. We have begun to redate many of the paleoseismic 
sites and specific prominent shoreline berms (both recessional and constructional) using 
Optically Stimulated Luminescence (OSL). This will 1) provide an independent data set 
for the timing of the historical Lake Cahuilla, 2) provide an additional chronologic model 
within which to place the earthquake history of the southern San Andreas system 
(including the San Jacinto, Imperial and Cerro Prieto faults), and 3) act as a test for the 
accuracy of the OSL dating technique for application in other SCEC projects. 
 
The 14C Problem 

 
For the past 350 years or so the overall slope of the radiocarbon calibration curve 

has been flat (Figure 1). This results in several potential intercept ages for all radiocarbon 
dates back to about 350-400 years. The consequence of this is that all paleo-earthquakes 
that are dated by radiocarbon that have occurred after about AD 1650 are usually reported 
as post-1650, as it is generally not possible to distinguish which intercept is the correct 
one. This is particularly a problem for the fast-slip faults of the San Andreas system, as 
those are the ones that are most likely to produce a damaging earthquake in the near 
future.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



The Historical Record 
 
There have been a number of historical excursions up the Colorado and across the 

Imperial Valley from Yuma. Often there was a recorded diary and sometimes even a 
map. The first European explorers to traverse the Salton Depression were led by Melchior 
Diaz in 1540. He traveled up the Colorado River to Yuma, but made no mention of any 
fresh water lake along his journey. Juan Onate led the next recorded adventurers in 1603; 
he trekked down the Colorado River from New Mexico and made no mention of a fresh 
water lake.  In 1700, Eusebio Francisco Kino passed through the region along the 
Colorado River to the Gulf, but again failed to mention the presence of a fresh water lake. 
He did generate a map dated from his 1701 excursion (Figure 2), which shows no lake 
and the Colorado River flowing into the gulf. The significance of this is that our 
interpretation of the radiocarbon ages of the shoreline deposits being ca 1680, with the 
“ca 1690” earthquake immediately following during the highstand is not likely correct – 
the “ca 1690” San Andreas event must be post 1700. If true, and if the Colorado River 
switched course immediately after Kino’s visit, than there was a complete filling and 
desiccation after Kino’s final visit in 1704 and before Anza’s expedition in the 1770’s. 

 
  
Figure 2. Kino’s 1701 map of the Gulf of 
California.  Note that the Colorado River 
is depicted as flowing from the north into 
the “Sea of California”, which would not 
be the configuration if the river was 
flowing northward into the Salton 
Depression. 
 
 
 
 
 
 
 
 
 

 
The Anza expeditions (1774/75 and 1775/76) are well documents trips that are 

published as diaries. (http://anza.uoregon.edu/anza76.html) There is no mention of any 
water in the basin at the time (although a non-potable saline lake may not have deserved 
mention in their view). Revisiting Anza’s diaries (Bolton, Herbert Eugene, Juan Díaz, 
Francisco Tomás Hermenegildo Garcés, Francisco Palóu, Pedro Font, Tomás Eixarch, 
and José Joaguín Moraga. 1930. Anza's California expeditions. Berkeley, California: 
University of California press) shows that Anza’s route may not have allowed the 
explorers to see a Salton Sea sized lake in the basin. Bad weather and their choice of path 
may have inhibited Anza’s men from seeing a partial lake. If the lake post-dates Kino’s 
visit to the area, and considering at least 6 years to fill a lake and 60 years to desiccate, 



Lake Cahuilla would have just finished drying up. There is a map from Anza’s 
expeditions (Garces Map and diary) dated to 1777 (Figure 3), with the Colorado is 
flowing into the Gulf, but it is interesting to note the finger-like bay formation just to the 
north at the very head of the Gulf. 
 

 
 
Figure 3.  Garces map 1777 of the 
Southwest. No lakes are shown and 
the Colorado River is flowing into 
the gulf. 
  
 
 
 
 
 
 
 

The next recorded travelers appear in 1823, known as the Romero Expedition. 
Romero set out from Los Angeles towards Yuma. He describes crossing the shoreline of 
an ancient lakebed but omits mention of a residual lake (LJ Bean and WM Mason, 
Diaries and account of the Romero Expedition, 1962, Ritchie Press), and he would have 
been in an excellent vantage point to view a partial lake. This is also important in that 
only 50 years had passed since Anza’s expedition, so it is unlikely that we can squeeze a 
complete filling and desiccation cycle (probably 65 years, minimum) in that time.  
 A well-documented journey called the Williamson Expedition occurred in 1853. 
A young geologist, William Blake, clearly states that the basin is dry, although he also 
made detailed notes on the abundant evidence of an old lake (Figure 4) (Robert S. 
Williamson Report of Explorations in California for Rail Road Routes). 

 
 
 
Figure 4. Blake’s map of the California. 
Shows ancient lake deposits but not water 
in the Salton Trough. 
 
 
 
 
 
 
 
 
 
 



In summary, there is probably a narrow window in the early 1700’s during which 
Lake Cahuilla could have filled and desiccated before the Anza expeditions and for 
which the radiocarbon dates allow a filling.  All radiocarbon dates place the timing of the 
lake as post AD 1680.  A filling before 1704 would have resulted in a high lake-stand 
during Kino’s visits, and this lake should have been reported.  A filling after about 1720 
would have resulted in some residual water when Anza first came through in 1774, and 
although no lake was reported, it is clear from a careful reading of the diaries that the 
weather was bad and that a partial lake may not have been visible. 
 
OSL Dating of the Lake Cahuilla Shoreline Deposits 
 

To resolve the question of the timing of the last high stand of Lake Cahuilla and 
rupture of the San Andreas fault, we initiated a dating program using OSL to augment the 
current radiocarbon control on the age of the shoreline berms.  We also ran samples from 
many of the recessional berms at known elevations around the Cahuilla basin 
(superstition Mountain, Superstition Hills, Carrizo Wash Site, Yuha Wash Site and Salt 
Creek Site). The advantage of dating both the highstand deposits along with the 
recessional berms (including the 1907 highstand associated with the formation of the 
Salton Sea) is that they span a known relative length of time, thereby providing a type of 
concordia curve.  The recessional berms become progressively younger as the lake 
recedes by an estimated vertical elevation of 1.6 m per year.  Thus, a berm that is 16 m 
below the high stand elevation is inferred to be 10 years younger than the high stand 
itself.  By dating several recessional berms along with the high stand (12 m) berm, we are 
dating deposits with known relative ages.  By including the 1907 high stand berm, we 
add an absolute date to the Concordia curve.  In that the nominal resolution of OSL is 
about +/- 50 years, this will aid in the interpretation of the final suite of dates and provide 
a much more robust final age if the technique is as accurate as it is precise.  This also 
serves as a test for the application of OSL in other SCEC studies along the San Andreas 
fault, and it will provide a basis for developing an independent OSL chronology to 
correlate faulted lake deposits across all elements of the southern SAF system. 
 
2006 Field and Lab Work 

 
This past summer and fall, we collected 9 samples from shoreline and recessional 

berm deposits from around the Cahuilla basin (Figure 3, Table 1).  We also sampled the 
high stand berm deposits produced by the historical flooding of the Salton Sea at Salt 
Creek (2 samples), where a railroad tie is embedded in the berm adjacent to where we 
sampled. In addition to the surface berm deposits, we sampled a sequence of lake 
deposits at Carrizo Wash and Salt Creek (11 samples total), two well-know paleoseismic 
sites. 

Sampling involved driving a steel tube into the deposit (Figure 4) and recovering 
a sample without exposing it to light.  The ends of the steel tube were enclosed with black 
tape and the entire tube was encased in aluminum foil.  In the lab, the ends of the tubes 
are cut off and discarded to assure that no sample was exposed to light since the time of 
it’s burial.  To assure a uniform assessment of the dose rate, all samples were collected 
from at least 30 cm depth, and a sample of the surrounding sand was taken for the 



laboratory measurement of dose rate. The samples were transferred to the OSL lab at the 
University of Cincinnati, and over half have now been run for OSL.   

 
 

Figure 3.  Oblique air view of the shoreline and recessionals south of Interstate 8 
in the Yuha desert.  We sampled the 0 m shoreline at two sites in this area. 

 
 
Figure 4a and b. OSL sampling at the Carrizo Wash 
trench site. 

 
 
 



 
 
 
Table 1.  Sample list of Lake Cahuilla OSL samples. 
 
Name  Coordinates (gps) Elevation (m)  Notes     
 
Samples from the most recent lake highstand (berm at 12-13 m elevation).  Expected age is AD 1680-1720, 
or 306+20 years BP. 
 
Salton 1:  32º 59.83, 115º 56.62   12   Gurrola Site 
Salton 5:  33º 00.46, 115º 57.222  2-3  Carrizo Site  
SN 1  32º 59.94, 115º 54.455  13  Superstition Nose 
SN 2  33º 59.94, 115º 54.455  13  Superstition Nose 
SN 3  33º 59.99, 115º 54.405  12  Superstition Nose 
 
Recessional berm samples.  Expected age is 306 + 20 minus the correction for desiccation rate of 1.6 
m/year. 
  
0 meter recessional berm.  Expected age is 298 + 20 years 
 
Dunaway 2 32.75673º, 115.78370º   0   Dunaway Road 0m shoreline 
Dunaway 3 32.75680º, 115.78372º   0   Dunaway Road 0m shoreline 
 
-2 m recessional berm.  Expected age is 297 + 20 years 
 
La Rosita 1 32.72050º, 115.70658º   -2   La Rosita SDGE powerplant 
 
-31 m recessional berm.  Expected age is 278 + 20 years 
 
Kane Spring 4  33.09839º, 115.84399º   -33m   Kane Springs Road site  
 
1907 shoreline site.  Expected age is 99 years B.P. 
 
SC 1  33º 26.77, 115º 50.37  -60 
SC 2  33º 26.77, 115º 50.37  -60 
 
Carrizo Wash Paleoseismic Site Samples.  Ages are expected to increase with depth. The upper  four 
samples are less than 1000 years B.P. based on radiocarbon dates. 
 
Salton 4 33º 00.46, 115º 57.222   0-2   80cm from surface 
Salton 6 33º 00.46, 115º 57.222   0-2  106cm from surface 
Salton 3 33º 00.46, 115º 57.222   0-2  120cm from surface 
Salton 7 33º 00.46, 115º 57.222   0-2  150cm from surface 
Salton 8 33º 00.46, 115º 57.222   0-2  163cm from surface 
Salton 2 33º 00.46, 115º 57.222    0-2  165cm from surface 
 
Salt Creek Paleoseismic Site Samples. 
 
SC 3  33º 26.77, 115º 50.37  -60 
SC 4  33º 26.77, 115º 50.37  -60 
SC 5  33º 26.77, 115º 50.37  -60 
SC 6  33º 26.77, 115º 50.37  -60 
SC 7  33º 26.77, 115º 50.37  -60 



Preliminary Results 
 

The initial OSL results (Table 2) show that there may be a significant partial 
bleach problem with some samples. Results from the -31 m berm sample provided the 
best date out of all berms sampled.  The apparent date of 280 + 40 years BP (using the 
youngest 10% of the aliquots) matches closely with the expected date of 278 + 20 years 
BP.  All other samples yielded dates that are a few hundred to as much as several 
thousand years older than their expected dates. 

Much like in radiocarbon dating, there may be a population of ages of individual 
sand grains in the berm deposits if the sediment was buried prior to complete signal 
bleaching.  For radiocarbon dates, this represents the spread in the ages of individual 
detrital charcoal samples, all of which must be older then the actual age of a deposit 
because the date is on the growth age of the wood.  For such a scenario, we would expect 
a range of apparent ages, with the youngest dates close to the actual age of the deposit.  
Similarly with OSL, with partial bleach of some sand grains, there would be a spread of 
apparent ages with the actual age close to the date indicated by the samples with the 
lowest signal.  For this study, we ran many aliquots of each sample to test for partial 
bleach, although each aliquot is composed of a dozen individual grains of quartz sand.  If 
all sand grains are completely bleached at their time of burial, all aliquots should yield 
similar results.  The fact that there is substantial variability in the aliquot ages, and that 
most samples yield ages that are older than the actual age even when we use only the 
youngest 10% of the aliquots, suggests that there is a significant component of partially 
bleached samples in the berm deposits.  We will soon run the 1907 lake berm samples, as 
well as several more samples from the 300 year-old 12-13 m highstand, which will be a 
more complete test of the spread of aliquot ages in the berm deposits. 

We are working on resolving the best methology to distinguish the ages of the 
Cahuilla deposits for paleoseismic studies along the southern SAF system.  We will then 
be able to better apply these techniques to other SCEC studies in southern California. We 
believe that these initial results show the need for single grain analysis technique rather 
than aliquot measurements. 


