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Project Goals 

This project is to continue to improve the age control for Lake Cahuilla sediments and develop a 
cheap and efficient method for correlating individual lakes across the Salton Depression for the purpose 
of placing the past 1500 years of earthquakes in the southern San Andreas Fault system into a common 
chronology.  Lake Cahuilla extended across the southernmost San Andreas (SAF), San Jacinto (SJF), 
Imperial (IF) and Cerro Prieto (CPF) fault zones (Figure 1), so with a better-dated chronology of lakes 
and an efficient way to correlate the many lakes that deposited the Lake Cahuilla sediments, we will be 

able to better date and correlate earthquakes 
on these critical fault zones. From such a 
paleoseismic database, the relative timing and 
sequencing of large events among the 
different fault zones can be constructed. 

The Salton Trough is a unique 
laboratory to examine fault interaction 
models. Lake Cahuilla, a large ephemeral 
body of fresh water produced when the 
Colorado River spills northward into the 
Salton Trough, has inundated portions of the 
SAF, SJF, IF and CPF numerous times during 
the Holocene (Fig. 1). Over the past 1200-
1400 years, there are at least six and as many 
as seven major lake episodes documented at 
various sites throughout the basin (Sieh, 1986; 
Rockwell and Sieh, 1994; Gurrola and 
Rockwell, 1996; Thomas and Rockwell, 1996; 
Rockwell et al., 2000; Meltzner et al., 2006; 
Philibosian et al., 2011). However, because 
paleoseismic sites sit at different elevations 

around the basin, correlation of earthquakes from site to site remains a challenge (Philibosian, et al., 
2011). We have continued to develop an integrated chronology that combines the lakes and the ages of 
earthquakes at each site around the basin. This record will allow for an unprecedented level of relative age 
control with broad spatial coverage that will allow for precise ordering of large earthquakes that ruptured 
the SJF, the southernmost SAF, and the IF, all of which have established long paleoseismic records. 

   
Results  

Results from this past year have been mixed but positive. We excavated two new, large coppice 
dunes and uncovered buried stumps at depths to between 1 and 3 meters. One coppice dune buried 
multiple generations of stumps, with organic (peat-like) horizons separating the different eolian sand units 
(Figure 2).  In all cases, the oldest stumps dated to between the last two lakes. We have also recovered a 
date from a stump between lakes 2 and 3, which helps resolve and discriminate the ages of these lakes, as 
they fall in the “problematic” part of the C14 calibration curve. At this point, we have found that older 
stumps (those that predate Lake 2) are rare and are uncertain about continuing to search for them. 

 

Figure 1.Map of paleoseismic and slip rate sites in the 
southern SAF system.  Orange stars are sites with 
Lake Cahuilla strata. 



To further test the possibility of direct C14 dating of the lakes using in situ gastropod shells, we 
collected shells from a sequence of lake strata at Carrizo Wash to determine if there has been a consistent 
reservoir correction that we can apply to calibrate the samples.  The preliminary results look good with a 
couple of exceptions.  Specifically, a couple shells collected from the surface exposure from lake 5 appear 

to have the same C14 dates as shell collected 
from lake 1.  At this point, it is possible that 
the shells had fallen from above and were 
plastered on the surface, and thus not 
collected from Lake 5.  We plan to recollect 
and reanalyze shells from this unit to 
confirm whether this is likely the case, as 
two other samples from Lake 5 yielded 
substantially older ages that are consistent 
with other age data from Lake 5. 

 
Summary of Lake 1 and 2 Ages 

Based on Current Data - We now are 
confident that the most recent highstand of 
Lake Cahuilla was brief and occurred in the 
early eighteenth century at about AD 1720 to 
1726. The uncertainty in the timing of the 
highstand is probably less then 5 years, as 
the wet period that is recorded in Colorado 
Plateau tree ring data (Figure 3) argue that 
the lake would have started filling in ca 1717 
or 1718 and that it would take several years 

to reach capacity, depending on whether the lake was partially filled during a wet period in the 1680’s and 
90’s.  In any case, an early AD 1720’s age is also consistent with the observations of de Anza’s 1774 
expedition that did not report a large freshwater lake at that time. Considering estimates of 1.8 m/year for 

 

Figure 2. Example of multiple dead bush trunks that 
were dated with the hope that one or more would 
predate Lake 2.  All stumps dated to between lakes 1 
and 2. date AD 1700. 

 

Figure 3. Rainfall record for the Colorado Plateau and catchment for the Colorado River for the 
past 1200 years.  Historical flows that entered the Salton Trough and resulted in partial filling 
occurred in 1968 (Bancroft Map), 1891 (Sykes, 1937, and 1905-1907 (flooding of the Salton Sea).  
In each of these cases, rainfall exceeded about 35 inches of annual rainfall. We speculate that 
natural fillings of Lake Cahuilla required similarly high Colorado Plateau rainfall events extended 
over a period of several years; Sykes (1937) estimates that a full lake will only require 5-6 years at 
high flow volumes. The period between 1718 and 1726 meets this requirement and is the only 
period that matches the histrorical accounts, radiocarbon record and rainfall record for Lake 1. 



the average desiccation rate (Wilke, 1978), and a 95 m-deep lake when Lake Cahuilla is at capacity,  
requires about 53 years for complete desiccation.  This implies that the latest that water could have 
completely filled the Salton depression is in the early 1720’s if the basin was completely dry at the time 
of de Anza’s first expedition in 1774.  However, it is clear from Bolton’s (1930) translation and 
annotation of Anza’s diaries that the Colorado River was flowing to the Gulf, and yet the landscape was 
riddled with lagoon and lakes (both saline and fresh). Anza describes how when staying at the Laguna de 
Santa Olaya encampment  (Bolton places this near Pescadero Dam, which today is located at the Canal 
Alimentador Central) there were fishermen who caught over a thousand cubinas and skates (salt-water 
fish) in less than one hour. Thus, it is not clear that the Salton depression was completely desiccated by 
the time de Anza came through in 1774, and a slightly later date in the mid-1720’s is possible and perhaps 
even likely considering how long it would take to fill a partially desiccated Salton Depression.  A date 
after AD 1726 is unlikely as the tree-ring data indicate a substantial period of warmer and dryer 
conditions after this time. 

The timing of the penultimate lake is constrained by the many new radiocarbon dates that indicate 
wood growth in the period between about AD 1660 and 1720. This includes a wet period in the 1680’s 
and 1690’s, during which there may have been a partial filling below -30 m msl, but not at or above this 
elevation based on observations from the Dogwood paleoseismic site on the Imperial fault, which lies at 
an elevation of 30 m below sea level. This may affect correlation and interpretation of lakes at the Salt 
Creek site on the San Andreas fault, which lies at an elevation of 70 m below sea level. Base on the 
radiocarbon date along with the observation of a wet period between about AD 1640 and 1655, we infer 
that lake 2 likely filled during this wet period and dates to about AD 1650.The highstand is inferred to 
have last at least a few years, as shoreline deposits record the growth of a high-stand shoreline berm. Such 
a berm is absent at the Superstition Mountain Northern Shoreline site (Gurrola and Rockwell, 1996), 
which supports our contention that the final ca 1720 filling of Lake Cahuilla was brief. 

 
Correlation of Lake Cahuilla Stratigraphy Using Oxygen and Carbon Isotopes – Directly tied to 
problems of dating the lake levels is correlating their deposits from site to site.  Because the filling and 
desiccation of individual lakes can be accomplished within a century, and there have been as many as 
seven full fillings and an unknown number of partial fillings between about AD 800 and 1720 (the last 
lake), radiocarbon dating alone is unlikely to provide the necessary resolution to distinguish and correlate 
short-lived lakes.  Towards the goal of developing an independent method to correlate lakes at different 
paleoseismic sites, we analyzed gastropod shells from the Lake Cahuilla sediments to test if different lake 
stands may yield unique isotopic signatures that reflect variations in the isotopic content of the Colorado 
River water during the different inundation phases. Previous work indicated that the gastropod Physa 
yielded highly variable results whereas Melanoides, a high-spired but very small gastropod, yielded more 
consistent groupings of isotopic ratios.  For this past year, we focused on analysis of Melanoides samples 
from both the Carrizo Wash and Coachella sites to test both their stability as well as variation from one 
side of the lake to the other.  
 
Results 
 
Figure 4 shows the average δ18O/δ13C ratios for Melanoides samples from Carrizo Wash (Car) and 
Coachella (CH) for the past six lakes. With the exception of two outlier groups, the various lakes appear 
to group very well.  Of importance in paleoseismic studies is that lakes 3 and 1 or 2 appear to be easily 
distinguished.  The outliers are from the very first set of data that were analyzed, and they are so far 
removed from the rest of the data that we question whether the results are valid.  We plan to collect and 
run more samples from both of these localities to further test sample stability, and if additional results are 
consistent with the new data (and most of the old data), we will conclude that there were problems with 
the initial sample runs that may have been related to procedural problems rather than lake variability. If 
this turns out to be the case, it appears that isotopic ratios may well be useful in distinguishing and 



correlating individual lake stands.  This will be a great boon for the paleoseismic studies within the basin 
that rely on the ages of Lake Cahuilla strata. 
 

 
Figure 4.  Average isotopic ratios determined for samples of Melanoides sp., a small, high-
spired gastropod found with Lake Cahuilla sediments at many localities. L1 corresponds to 
Lake 1, L2 to Lake 2, etc.  CH are samples from the Coachella site of Philibosian et al. 
(2011), whereas Car samples are collected from Carrizo Wash. 
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