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Ca-HCO; waters, and were sampled at depths of 17-45 m. Inner Space
Cavern (IS) is formed within the Edwards Limestone, which contains
minor dolostone. Natural Bridge Caverns was divided by collapse into
two caverns known as the North and South Caverns (NB North and NB
South), which are formed in the interbedded limestone, marly limestone,
and dolostone of the upper Glen Rose Formation and lower Walnut
Formation. The Caverns of Sonora (CS) are formed in the Segovia
Member of the Edwards Limestone. Land use change has occurred above
each cave, most extensively above cave IS via urban development in the
1960s and establishment of a visitors center, and above NB North via
a visitors center. At 1S, a man-made tunnel entrance remains open to air
exchange, whereas at both NB North and CS, the natural entrances are
no longer open and visitors enter and exit through glass doors, normally
kept closed to limit air exchange. During development of each cave,
several conduits were constructed from the surface into the cave for
various purposes, including running electrical cables, controlling air
exchange, and surveying. Some of these conduits remained open during
the course of the present study. Relative to the natural setting prior to
cave development, the total cross sectional area of openings to the surface
increased at caves 1S and NB South, decreased at cave CS, and remained
approximately the same at cave NB North.

METHODS

Modern speleothem calcite was collected by placing 10 cm X 10 cm
glass plates horizontally under active drip sites in the three caves. Sites
chosen were previously characterized for drip-rate and geochemical
variability (Musgrove and Banner 2004). Plates were retrieved at 4-8
week intervals, except at CS, where they were retrieved at 5-16 week
intervals. The amount of calcite growth during a given time interval was
determined by weighing each plate before and after its deployment.
Precise weights are obtained using multiple calibrations. Glass plates were
sandblasted, cleaned, weighed, and mounted horizontally on a clay or
plastic support placed on cave formations, which are protected with
a polyethylene bag. The weights of plates, before and after calcite growth,
were determined using a Sartorius MC1 RC 210P electronic balance. The

Fic. 1.—A) Maps of the Edwards Plateau and
its location in central Texas, and locations of
caves in which calcite growth rates were studied.
The plateau comprises lower Cretaceous marine
carbonate strata. Average annual precipitation
in inches shown as contours (from Larkin and
Bomar 1983). Different zones of the Edwards
(Balcones Fault Zone) aquifer are indicated by
shading. B) Average growth rate for speleothem
plate calcite vs. average drip rate for eight drip
sites in three caves (three sites at cave CS plot on
top of each other). Regression for three sites at
cave NB yields r> > 0.99.

balance is calibrated internally prior to each use and externally on
a periodic basis. An active ionized air generator is used to control static
charging during weighing. Repeated measurements of the weight of an in-
house standard glass plate are interspersed with measurements of the
glass sample collection plates and are used to adjust sample weights for
drift in the balance. Prior to the use of the ionized air generator,
reproducibility of the weight of the standard plate yielded a standard
deviation of 0.0165 g. Use of the ionizing system starting in January of
2003 improved reproducibility substantially, yielding a standard de-
viation of 0.0003 g, with an average standard deviation for a given day’s
measurements of the standard plate of 0.00007 g.

Drip-water pH, conductivity, and temperature were measured in the
field. In situ pH measurements on small-volume water films on plates and
natural speleothems were made using an 1Q solid-state pH probe. lon
concentrations were measured by ICP-MS, ion chromatography, and
titration. Cave-air relative humidity, temperature, and CO, concentration
were measured during each cave visit with portable meters. Relative
humidity was measured using a Vaisala HM34 and an Omega RH85 ( /-
5% above 90% RH), and CO, concentrations and temperature were
measured using a Telaire 7001 meter. CO, data are reported as
concentrations (Table 1). Discussions in the text refer to cave-air Pco,
for comparison with drip-water Pco,. Conversion from concentration to
Pcoz requires measurements of barometric pressure, which are not
available, but the conversion would result in differences of less than the
measurement uncertainty of /— 5%. Surface meteorological data are
from NOAA'’s National Climatic Data Center database.

RESULTS

Results for calcite growth rates, drip-water chemistry, and cave
meteorology are given in Table 1. Eight drip sites were monitored from
2001 through 2006, during which time calcite growth rates ranged from
0 to 107 mg/day (within measurement uncertainty, see Table 1), with
mean growth rates at each site ranging from 0 to 21 mg/day (Table 1,
Fig. 1B). Calcite grown on the plates occurs mainly as isolated to
intergrown crystals of low-Mg calcite, 10 to 500 microns in length. Calcite
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