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Environmental and biologic controls of
vadose carbonate precipitation-Evidence from
stalactites outside and inside caves
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While most carbonates form subaqueously, their precipitation also occurs in vadose settings,
notably karst caves, where stalactites are the typical products. Stalactites are deposited by a chemical
abiotic process driven by CO, degassing from dripping water. Inhibited by evaporation, their growth is
believed limited to enclosed, humid atmosphere of caves. For this reason, stalactites observed at the
land surface, where they are most commonly seen plastered to Vtropical cliffs, have been widely
considered evidence of former caves, partly destroyed by erosion and collapse.

During the course of this study, however, scrutiny of 600 petrologic thin sections and 300
SEM samples and X-Ray Diffraction analyses of 211 stalactite specimens from limestone cliffs and
other land surface settings from the Mariana Islands, Ryiikyi Islands, Thailand, Viet Nam, Indonesia,
and the Caribbean have revealed ample evidence that such vadése carbonates (namely stalactites) are
not limited to caves and can form at the land surface, in which case they represent new, previously
unstudied sedimentary features distinct from speleothems. '

Although initiated by the same fundamental mechanism as most speleothems (ie.,
precipitation from dripping vadose groundwater), the land surface stalactites are vastly divergent from
their cave analogues. Centimeter to tens of meters in scale, they are generally friable and porous, and
exhibit somewhat irregular macromorphology. Crooked, bulbous, elongate, and pendant-like forms are
common and their growth axis is often deflected from the vertical. Their outside surfaces feel pasty or
powdery due to covering by biofilms and thicker organic coatings. A wide array of biota is associated
with them and includes bacteria, cyanobacteria, eukaryotic algae, mosses, higher plants, and
invertebrates. Composed almost exclusively of encrusted, amorphous, or laminated microcrystalline
CaCOs, these deposits lack the sparry calcite typical of speleothems. Occurring in a bewildering array
of fabrics, they are suggestive of calcareous tufa and are herby defined as its unique subaerial category
and termed stalactitic tufa. They can contain various inclusions, such as plant and other organic material,

calcified cyanobacterial filaments and other microbial structures, eolian particles, arthropod and msect
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fragments, and within the littoral realm, foraminiferal tests, diatom frustules, and skeletal grains of

marine origin. Most importantly, in addition to microcrystalline calcite, they often contain aragonite,

which indicates active growth.

The numerous variations in morphology, mineralogy, petrology, and other idiosyncrasies
distinguishing stalactitic tufa from normal cave stalactites are imparted upon these sediments by the
unique climatic and biologic properties of their epigean settings. In order to establish links between their
petrology and specific environmental conditions, series of long-term microclimate observations were
combined with stalactite sampling and analyses in selected caves in Guam, Mariana Islands, and Krabi,
Thailand. Temperature, humidity and light intensity were monitored by data loggers and
photosynthetically active radiation and air current patterns evaluated by spot measurements. It
transpired that microclhnaﬁc regimes dramatically change along transects from cave entrances to cave
mteriors, with thé general pattern characterized by pronounced diumal and seasonal oscillations in the
entrance area, their gradual buffering toward the interior of the cave, and nearly constant conditions at
the back. Following microclimate measurements, actively growing stalactites were sampled along the
~ same transects and found to be morphologically highly variable. Their overall appearance, porosity,
crystal size and fabric are directly related to each sample’s position in a cave and its local microclimate.
Stalactites growing at the very entrance are porous microcrystalline and organic-rich bioconstructional
deposits, dominated by encrusted fabrics initiated by macrophyte and microbial structures to the point
were certain specimens are comprised entirely of calcified cyanobacterial filament networks and, as
such, representing the first known fully subaerial bioherms. Entering the twilight zone, as temperature -
and humidity oscillations attenuate, illumination declines and relative humidity increases, the stalactites
become progressively denser and more organized. Encrusted fabﬁcs give rise to amorphous and layered
microcrystalline fabrics, with progressively less evidence of microbial involvement in their precipitation.
Further into the caves, where light no longer penetrates, microclimates stabilize, and temperature and
humidity attain near-constant levels, the crystal size gradually increases and deposits become
increasingly dominated by regularly arranged sparry calcite. Thus, microclimatic and biologic gradients
are closely reflected by properties of the precipitates, which, range from stalactitic tufa in the
microclimatically most variable parts of the caves to normal speleothems in the cave’s environmentally
stable interiors.

In conclusion, it has been demonstrated that stalactitic carbonates can form outside of caves
and in a far winder range of microclimatic conditions than previously thought. They all originate from
the same fundamental mechanism; inorganic precipitation of solid CaCO; from saturated karst water.
However, in areas outside of caves, a plethora of inter-related processes, ranging from inorganic
precipitation to active biomineralization, profoundly affects or even drives carbonate precipitation,
producing unique, previously unrecognized biosedimentary rocks. The relative contribution of each
process depends on specific environmental conditions and is reflected in identifiable microfabrics. Since
morphologic and petrologic properties of stalactites can be directly related to specific environmental

parameters of their depositional settings, they have a potential use in paleoenvironmental interpretation.
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