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A system of water-filled sinkholes (known as cenotes)
exists in southern Tamaulipas, Mexico (Figure 1), and is
the result of a unique combination of speleogenetic factors.
This system is composed of 18 different karst features that
are on or near a large cattle ranch known as Rancho La
Azufrosa. Zacatén, the deepest cenote in this system has
been measured to over 350 meters deep, (Figure 1) and is
the site of the world-record SCUBA dive (284 meters) by
Jim Bowden in 1994 (Gilliam, 1994). This makes it the
deepest known water-filled pit that has been explored by
humans in the world. No previous scientific studies of

this extreme karst system have taken place, and it has only
been limited work within the past two years that theories
relating to the speleogenesis have been formed. Microbial
interaction seems likely to affect karstification processes,
and significant travertine structures appear to have a direct
influence on the hydraulic connectivity between the bodies
of water. Years of future research are being planned to
document the extent of karstification in this deep
hydrothermal system and interpret the geological history
that has developed such an impressive example of
hypogenetic karst.
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Figure 1: Generalized cross section of the cenotes of Rancho La Azufrosa. The limits of current exploration,
locations of travertine deposition, and biomat-covered areas are represented.



By the late Oligocene, intrusive volcanic structures began
to dissect the Sierra de Tamaulipas. Next, the extensive
volcanic field around Villa Aldama became active in the
late Pliocene, producing basaltic lava flows throughout
most of the Pleistocene (Camacho, 1993).  During the
period of active volcanism, thick deposits of travertine were
precipitated from springs discharging hydrothermal,
mineralized water.
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Water Properties

Field parameters of pH, dissolved oxygen, and temperature
were measured at each of the cenotes using a multi-
parameter sonde (Figure 3). Vertical depth profiles of
these characteristics indicate that the bodies of water are
extremely homogeneous, showing little
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Figure 2: Geologic cross section of the region showing important features that influence the speleogenesis of the

cenotes.
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Figure 3: Graphs showing the basic water properties of
the cenotes on Rancho La Azufrosa. The anomalous nature
of Verde can be seen in contrast to that of the surrounding
cenotes.
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to no variation throughout the water column. The cenote,
Verde, illustrates characteristics that deviate from those
observed at the other cenotes and is the only one that has
some stratification of physical parameters (Gary, 2000).
Water samples collected at each of the cenotes and
analyzed for major anion and cation concentrations and
show that the chemical facies of all the waters is calcium
bicarbonate. Significant levels of the sulfate anion (SO,”)
also are present.  Sulfide (H,S) has been measured in
both Caracél and Azufrosa at levels of 1.6 ppm and 1.04
ppm, respectively. In Zacatdn, the volume of water is at
least 9.5 million cubic meters (9.5 billion liters), so the
dilution of sulfide anions may affect the measurement,
which is limited to a detection limit of 10 parts per billion.

Microbial Influence on Karstification

Biomats coating the walls of Zacaton, Caracél, and La
Pilita appear as a thin, purple-red blanket, with some white
filamentous areas. The mats are commonly underlain by
dissolved calcium carbonate rock (Cretaceous limestone
or Pleistocene travertine) that is either intensely etched
“fingers” or a calcium carbonate “soup” that is as much as
one meter deep. The bacteria that exist on the walls of the
cenotes are suspected to be a type of photosynthetic purple
bacteria that are autotrophic. A number of species from
the genus Thiobacillus have been recognized to oxidize
H,S into H,SO, when grown in cultures (Ehrlich, 1995).
The genus Beggiatoaceae is also a common sulfur oxidizer.
Both of these forms are aerobic. There is an example of
anaerobic sulfide oxidizing bacteria known as
photosynthetic purple bacteria (Chromatiaceae). These
types of bacteria are often found at groundwater interfaces,
where they utilize the natural chemical gradients to capture
energy (Banfield, 1997).

The occurrence of a type of bacteria likely related to the
biomats at Rancho La Azufrosa can be found in some of
the cenotes of the Yucatan Peninsula. Here, Pleistocene
limestone is rapidly being dissolved in zones where
bacteria are oxidizing H,S into H,SO,.

H,S +20, = H,S0,

The H,S collects at the halocline where a mixing zone of
seawater and freshwater occurs, and the bacteria convert
it to sulfuric acid. This speeds up the dissolution rate of
the limestone, creating large karst conduits along the
horizontal interface of the mixing zone. The salt water
below the halocline has waters that are highly concentrated
with dissolved solids including sulfide values. It is
suggested that the oxidtion of hydrogen sulfide into sulfuric
acid must be occurring if low pH values and high calcium
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