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The Algodones dune belt is a large erg deposit located in the Sonora Desert in southeastern 

California. It has been commonly accepted that erg developed when long-term vectors of energy 

transported sand from the ancient Lake Cahuilla shorelines during the Pleistocene era, and that 

the shorelines of Lake Cahuilla were the primary source of the sand. Leading up to the formation 

of Lake Cahuilla were important geomorphic events that sporadically disrupted the pathway of 

the Colorado River, allowing it to flow into the Cahuilla Basin instead of the Gulf of California 

(Derickson et al, 2007). The movement of 

the San Andreas Fault is thought to be 

responsible for the disruption, and is 

widely accepted as the reason for the 

formation of the initial Salton Trough. The 

trough is a depression that inhabited the 

Salton Sink and welcomed the inflow of 

freshwater from the Colorado River. 

Lake Cahuilla developed as a result, 

occasionally changing elevation based on 

the inflow of the river that shifted 

throughout the Pleistocene era. 

During periods of time when the Colorado River failed to empty into Lake Cahuilla, the body of 

freshwater partially evaporated. This partial evaporation lead to a larger surface area of loose 

sediment, which, when the climatic conditions were right, lead to a high rate of aeolian transport 

and deposition that subsequently created the Algodones belt.  

Figure 1. Extent of ancient Lake Cahuilla at 12m shoreline (dark blue) 
surrounding the current shoreline of Salton Sea (light blue) 

The Algodones Dunes have a long and complex history that traces way back to Ancient Lake 
Cahuilla. By understanding this history and the physical concepts that went into the dune fields
creation, one can create a hypothesis of what sediment might be laying under the dune of study 
and where it came from. This will then lead to a hypothesis of what the relationship between 
this dune field and Ancient Lake Cahuilla holds. This poster sets up that background including
understanding the history as to what use to lay where the dunes do today, the relationship 
between wind patterns and dune formation, the aeolian processes the dune holds, and the basic 
understanding of what a sand dune is. With this background knowledge one can understand the
results of the geospatial techniques used to study the underlying sediment of the studied dune 
which is shown in the accompanying two posters of this research project.
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Conclusion

The Algodones Erg [Sand Dune Field] is located in the Sonoran Desert and span over 72420.5 meters in length and 9656 meters in 
width. It is a complex and understudied erg system with a rich geomorphic history and relationship to the ancient Lake Cahuilla. The 
purpose of the study is: to collect data to understand the sediments below the dunes to determine the relationship between the dunes and 
the ancient Lake Cahuilla, and to explore the relationship between human impacts and management on the dune system. Examining the 
relationship between the ancient Lake Cahuilla and the dune field will further our understanding of the surrounding landscapes and vari-
ous geologic time periods. The knowledge collected will provide insight on potential impacts to communities and water systems in the 
region of study. Through the use of ground penetrating radar, laser leveling, subsurface imaging, and an unmanned aerial vehicle, data 
was collected to analyze the relationship between Lake Cahuilla and the Algodones Dunes. Upon analysis of the data collected, this dune 
complex continues to be studied for further impacts on communities and land management.
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Study Area

Goals
The purpose of this poster is to understand the background of the processes that went into the formation of the dune field, understand its 
history, and its present day signficance.

 

Physical Processes
What is a sand dune? 
A dune is defined as a mound of sand formed by the wind, usually along a beach or in a desert environment. A dune’s windward side is where the wind blows and pushes material up until it 
meets the crest which is the highest point and where the largest amount of sand accumulates. The slipface is the leeward side (without wind).When mutliple dunes exist in a concentrated area, 
they are collectively referred to as an erg.
 
The Basin and Range area experiences an arid climate, with a mean annual precipitation range of 53-63 mm per year. Researchers have indicated that the total wind energy can be classified as-
ranging from low to intermediate (Sweet, et al., 1988).

Native History & Current Day

Geomorphic History

Reference map of the area under study Larger scale satellite image of the study area

The Algodones dune belt is a large erg (vast expanses of high, largely 
unvegetated, sand dunes (Ekdale and Bromely, 2012)) that was thought to 
be formed when large gusts of long lasting wind transferred sand from the
ancient Lake Cahuilla. Which Lake Cahuilla was thought to be due to the 
movement along the nearby San Andreas Fault that caused the Salton Trough 
to form. The  depression made the inflow of water from the Colorado River 
possible causing the ancient lake to form. The evidence suggesting for sand 
migration is from the dunes slipfaces that orient southeast which insinuates
that the sand was carried from Cahuilla from the northwest to the east location
it is in today. Another theory is that the sand came from the Chocolate 
Mountains and the alluvial fans which are just to the northeast of the dunes.
Although it was widely believed that the sand came from Lake Cahuilla 
some larger deposits from the Chocolate Mountains can be found throughout 
the dunes (Derickson et al, 2007). 
 

The Algodones Dunes which are located in the southeastern portion of California and ecncompasssses the border region with from Mexico
and west of Arizona shown in the left most figure above. These dunes cover about 1,000 square miles of the Sonoran Desert which covers 
much of the region into Mexico. The size of the Algodones make it the largest dune system in the United States.  As evidence of the Native 
reservation including Fort Yuma located just southeast of the dunes, there is a full indigenous history in the area. These dunes are visit by 
numerous travelers as they travel to the Imperial Sand Dune Recreation Area. The dune field is also noted for movie sets including the
famous Star Wars films. Much of the visitation into these dune fields are from recreational reasons, most usually off-roading. 
The dune fields are split up into two sections one for recreation (sourthern) and one for preservation (northern). This difference can be seen
by visitors as the open dunes have been manipulated over the years from a large volume of dune buggies (Norris, GSA).

In the image above, Lake Cahuilla
 is represented by the darker blue and 

encompasses much of the surrounding area,
 and the red circle represents where the current

 Algodones dunes are today.

The goals include:
-Understanding what led to the Algodones dune field being located where it is
today and how what relationship it has with the surrounding physical 
environment.
-Be able to understand the foundation of what this research project is, which is
knowing how a sand dune is formed. Although with that, understanding the 
different forms these dunes can take, and knowing which form the dune under
study takes.
- Be able to recognize the climatic context of the study area, which is to 
understand the relationship between the wind direction and sand patterns.
-Understand the cultural history of this study area, and the current culture 
of recreation it holds.

Image of different dune formations

Climatic Content: Wind Patterns

Aeolian Processes: Forming the Dunes

Image of Aeolian Processes Image of Wind Patterns

Image of Indiginous rock circle near San Andres Fault

Today the Algodones Dunes are split 
into a northern area which is primarily 
used for preservation and a southern
area devoted to recreation. The 
difference that the open recreation has
made on the dunes can be seen by the 
lack of vegetation in the bottom most
picture and the growth of vegetation in
the middle picture. The effect that 
recreation has on the dunes can also be
seen in the shape of the dunes (Norris,
GSA). As sand is kicked up by vehicles
like dune buggies it dramatically 
changes the shape of the dune over 
years of repetitive use. This begs the 
question on if recreation should 
continue in this area. It draws in many
tourists and like any recreational place
it brings in money to the park, but it 
does permenatnly disrupt the dune 
fields.

There are three main geomorphic aeolian processes associated with the formation of aeolian sand dunes:
erosion, transportation, and deposition. Erosion occurs through either abrasion or deflation.  Abrasion works to smooth an element through repeated exposure to sand particles, while deflation 
uses wind to remove loose material from flat dry areas. This results in what’s called desertification, and is sometimes referred to as desert pavement for its barren landscape absent of loose sand 
and vegetation. The Sonoran Desert is rich with desert pavement, as it was 8000-3000 years BP ago during the Pleistocene 
(Sweet and Nielson, 1988). The Sonoran Desert climate was particularly dry during this stretch of time, leading 
to little vegetation. Less vegetation is hypothesized to be a contributing factor in the 
increased rate of aeolian dune growth during this time. 
Aeolian transport occurs in three distinct ways, each dependent on the strength of the vector
of energy. When minimal wind moves through a landscape, sand particles “surface creep”, or react to the wind 
by rolling over or sliding. Eventually these particles begin to hop along the surface in larger strides as the wind 
speed quickens, a mechanism referred to as “saltation”. Aeolian transport occurs when enough wind moves 
through the environment to keep the a particle in motion, causing it to migrate with the wind until energy ceases
and they drop back to the surface.
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While traveling through this area that 
one day used to be filled by Lake 
Cahuilla, our research group came
across traces of indigenous existence.
The image to the right depicts rock 
crop circles that our collaborator at 
San Diego State University, Dr. Allen 
Gontz, showed us in the field were 
sacred places to the indigenous people 
who lived on the shoreline of Lake 
Cahuilla. Along the shoreline where
these sacred rock circles aline with
the San Andreas Fault line the circles
have been manipulated from the 
action of the line (A. Gontz, personal
interview, March 6th, 2019).
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