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The gypsum dune deposits found at Cuatrociénegas and White Sands 
National Monument are two of only a handful of gypsum dune fields in the world. These 
surreal landscapes provide beautiful views, outdoor activities for tourists, and serve as 
natural laboratories where researchers can study a variety of topics ranging from geology to 
evolutionary biology. Combined, both Cuatrociénegas and White Sands National Monument 
are home to more than 110 endemic species, specially adapted to the unique and fragile 
ecosystems of these gypsum rich environments. At present, the two dune fields have very 
different morphologies. It is likely that these observed differences are a result of the lower-
ing of the groundwater table in Cuatrociénegas due to natural and anthropogenic factors. A 
comparative study of these two dune fields will increase our understanding of these systems 
and help us to preserve these beautiful landscapes.

The Cuatrociénegas
Dune Field: 
A Balance of  
Hydrogeology  
and Climate

White Sands National Monument
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Cuatrociénegas
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At White Sands we see large  
active dunes that are stabilized  
by a shallow groundwater table.

Cuatrociénegas presently is 
dominated by lithified blocks of 
gypsum. Preserved in these  
cemented relics are bedding 
planes that indicate that  large 
dunes once dominated the area. 
Today there are only small one 
meter tall active dunes, generally 
anchored by vegetation.



This region of North America is one of the only places in the world that has the 
unique balance of geologic and climate conditions required to build and support 
gypsum dune fields. A delicate balance of environmental factors is required  
for gypsum to accumulate as sand. 
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Gypsum Dune Fields: A Delicate Balance

Source of gypsum
• Gypsum at both parks originates in the  

mountains surrounding the basins. The  
mountains are made up of gypsum rich rocks.

Gypsum transport
• Gypsum is dissolved from the mountains  

by water that flows through gypsum rich  
rocks before discharging in the basin.

• Gypsum is precipited on the edge of  
the dune field.

• Wind transports gypsum onto the dune field.
Dune field stability
• An arid climate is required to preserve  

the dunes because too much fresh rainwater  
can dissolve soluble gypsum crystals.

• A shallow water table, supported by  
groundwater discharging in the basin,  
stabilizes the dunes.

• The water under the dunes needs to be rich in  
dissolved gypsum so it is able to keep the dunes 
wet without dissolving the accumulated gypsum.

• The same amount of gypsum (or more) is  
being added to the dunes as is being removed. 
Incoming gypsum sand needs to be  
equal or greater than that leaving  
the dune field.

Cuatrociénegas: Balance Tipped
The dunes at Cuatrociénegas are no longer receiving as 
much gypsum sand as they are losing. At present there are 
only small active dunes present, generally held in place by 
vegetation. Evidence exists that there were much larger active 
dunes in the past. Throughout the gypsum dune field there are 
large cemented blocks of more resistant gypsum. Within these 
preserved blocks are the cross-bedding of large lithified dunes. 
There are numerous accounts of the dunes prior to the 1970s 
that describe active dunes like those seen at White Sands 
National Monument. While it is difficult to determine when the 
balance was tipped, it is researchers’ opinion that the shift 

Initial studies on  
Cuatrociénegas Basin, 
published in 2005,  
suggested the water  
discharging in the basin 
was locally derived, originating primarily from the mountains 
surrounding the basin (Rodríguez et al., 2005). More recent 
publications have presented compelling evidence that  
Cuatrociénegas Basin is the discharge location for a much 

Hydrogeologic 
Conceptual Model:

Hydrogeologists use conceptual models to depict  
the results from numerous tests and studies into a broader 

understanding of the study area.

1. Rain that falls on the mountains surrounding Cuatrociénegas, 
as well as the ranges to the southwest (i.e. Sierra San Marcos, 
La Frague, Alamitos) recharges the aquifers.

2. Groundwater slowly flows from the high mountains, through  
sedimentary units rich in gypsum. The gypsum is dissolved 
into the water as it moves through the aquifer.

3. When groundwater reaches a fault or a break in the aquifer,  
it may rise to the surface where it discharges in spring pools,  
like Poza Churince.

4. The gypsum rich water collects in Laguna Grande where it 
evaporates. Along the shores of the lake, gypsum is precipi-
tated as the mineral Selenite. Selenite is a very soft mineral 
and is broken down by expansion and contraction caused  
by large temperature fluctuations. 

likely started within the past 100 years, as the water resources in 
the basin began to be exploited.  

For the Cuatrociénegas to support large dunes like those at 
White Sands we hypothesize that there was once a shallow 
water table in the dune field to facilitate the catchment of gyp-
sum. Mineral analysis of a discolored, partially cemented crust 
found in the Cuatrociénegas dune field supports this hypothesis. 
Crusts with similar mineralogical com-
position can be found forming 
in the White Sands dune 
field. These crusts 
occur in the interdunal 
areas (the low points 
between the dunes) where 
the water table is closest to 
the surface. Moisture that is 
wicked to the surface supports 
thin biofilms which leave behind 
distinct chemical signatures. These 
crusts further support that at some point 
the Cuatrociénegas dune field was a wet 
system, similar to White Sands.
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5. Wind further breaks down the gypsum crystals and carries it 
to the dune field where it is incorporated into the dunes.

6. The gypsum is held in place by a shallow groundwater table.  
The water table was likely sustained by infiltration from 
Laguna Grande. This water is already so rich in dissolved 
gypsum that it is able to keep the dunes wet without dissolv-
ing the accumulated gypsum.
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Gypsum dune field  
dynamics  
at White Sands 
At White Sands the behavior 
of accumulation and erosion, 
or the gypsum balance, 
is controlled by the water 
table. The accumulated 
gypsum in the dune field is 
held in place by the cohe-
sion of the saturated sand. 
Only the active dunes on top 
of the accumulation surface 
migrate, while the satu-
rated base of the dunefield 
remains spatially stable.

Conceptual Illustration of Cuatrociénegas Dune Field Process:

Cuatrociénegas: 
Conceptual Model

broader groundwater flow system (Wolaver, 2008). The current 
hydrogeologic conceptual model is illustrated in the figure above.  
It suggests water enters the ground to the southwest of  
Cuatrociénegas Basin, in the high mountains where there is more 
precipitation. The water flows northeast through extensive regional 
aquifers that continue under the neighboring basins and moun-
tains. The water that discharges near the dunes is forced to the 
surface by a fault that runs parallel to Sierra San Marcos.
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What happened to the dune field?
Gypsum Mining
The largest impact on the dunes was likely the gyp-
sum mining operations, which began on a relatively 
small scale in 1968. In 1979, mining increased to 
industrial levels until operations ceased in 1996, as 
result of environmental regulatory infractions. It has 
been estimated that approximately 80% of the gyp-
sum from the dune field has been removed, either 
from mining or wind processes.

Decline of Laguna Grande 
As recently as the 1970s, Laguna Grande was the 
largest body of water at Cuatrociénegas. Water 
discharging from Poza Churince collected in Laguna 
Grande where it would precipitate gypsum crystals, 
and support the shallow water table that stabilized 
the dunes. Using archived satellite imagery, we can 
observe the decline in the lake area over the past  
40 years, until it finally went dry in 2010.

Draining of Wetlands
The next biggest impact to the dunes was likely the 
lowering of the groundwater table. Early reports 
indicate that much of the valley was covered by vast 
wetlands. The basin was artificially opened in 1898, 
and canals were later built to drain the wetlands for 
agricultural needs. Several previous studies have 
measured the volume of water leaving Cuatrocié-
negas Basin via the canals to be between 37 and 
53 million m3 (billion liters) each year. When the 
wetlands were drained the water table throughout 
the entire basin was lowered. Without the shallow 
water table stabilizing the dunes, the gypsum was 
able to dry and blow away.

High-Capacity Agricultural Pumping
In 2002, large scale alfalfa farming began in the 
neighboring Hundido Valley, and at present approxi-
mately 19 km2 of alfalfa is being farmed. Rough 
estimates, based on the area of crops being grown 
and the water demands of alfalfa, suggest that 
nearly 12 million m3 of water are being pumped from 
the aquifers each year. Water extraction from  
Hundido Valley likely has an impact on spring flow 
in the Cuatrociénegas Basin. Regional groundwater 
flow is being intercepted in the Hundido Valley before 
it can make it to the Cuatrociénegas Basin. 

Long-term drought
Another variable that is likely effecting the Cuatrocié-
negas Basin is the impact of climate change. Global 
weather patterns have been shifting, becoming 
increasingly variable. Spring flow at Cuatrociénegas 
is partially buffered from the impacts of decreased 
precipitation, as result of its long flow paths. The 
long groundwater flow paths protect the basin from 
the impact of short-term drought, however, spring 
flow will likely respond to long-term climate change. 
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Site of gypsum extraction in 1989 (Minkley, 1992).

Hundido Valley before large-scale farming (2001).

Laguna Grande Surface Area decline

Hundido Valley with industrial farming (2016).
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