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- Headquarters Cave and Bunny Hole are relatively close together geographically and 
are expected to have many similar sources of CO2

However, preliminary results show that Bunny Hole displays a reverse seasonal 
trend to Headquarters Cave and to the trend typically observed by researchers 
of cave air CO2 concentrations. 

- Due to the proximity of the two caves, they should experience the same weather and 
climate events which could cause similar ventilation effects. Ventilation may also be 
controlled by morphology such as a “chimneying” effect. 

- Similar soil effects could also be expected based on the proximity of these 2 caves. 

- No statistically significant repsonse to human presence in the caves was measured, 
and both caves receive similarly low levels of human visitation. 

- Headquarters Cave and Bunny Hole  are located in different members of two
 geologic formations. Headquarters Cave may have more influence from the underlying formation due to 
sampling near the contact and the collapse cave morphology.  

- Bunny Hole cave air CO2 concentrations seem to display a response to recharge events. This could be 
due to ventilation associated with atmospheric pressure changes from a storm, degassing of dripwaters 
from the influx of moisture, or some other effect associated with the recharge event. Many of the effects of 
a recharge event could be expected to be similar at each cave; however, the background levels of moisture 
are different in each cave and different morphologies may result in different ventilation effects. 

- The reverse trends may be due to different background levels of moisture in the caves or to cave 
morphology and deeper sources of CO2.

Carbon dioxide (CO2) is globally significant to applications of understanding climate change, 
determining speleogenetic controls of carbonate aquifer and reservoir diagenesis, and CO2 
sequestration of excess greenhouse gases in the Earth’s atmosphere. Caves provide a unique 
opportunity to study several aspects of CO2, including: subsurface cycling of CO2 as 
groundwater interacts with the surrounding limestone matrix, complex temporal patterns 
related to the dynamic system of CO2 generation in karst settings, and diurnal-seasonal-climatic 
ventilation patterns related to cave morphology and vadose zone permeability. Two caves were 
chosen for this study because they are included in a study of recharge to the vadose zone that 
has been ongoing for 6 years.
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A previous study in central Texas showed 
that CO2 concentrations in caves 
fluctuated semi-diurnally and were 
correlated with the diurnal barometric tide 
(Cowan, 2010). In Figure 6, the two daily 
peaks in CO2 concentrations can be 
observed clearly and a disturbance to this 
cycle may result from a small-scale 
recharge event. Figure 7 is a one day 
representation of this same event.  Figure 8 
displays the occurance of large-scale 
recharge events at the beginning of the 

high CO2 season in the annual cycle.

CO2 levels at each cave demonstrate distinct seasonal trends; however, the two caves display reverse seasonal trends relative to 
each other, as can be observed in Figure 5. Headquarters Cave follows the trend observed by many researchers (Kowalczk, 2009 
and Batiot-Guilhe, 2007) of high summer concentrations (avg 4,747 ppm) and low winter concentrations (avg 500 ppm). Bunny 
Hole displays higher concentrations of CO2 in the winter (avg 12,830 ppm) and lower concentrations during the summer (avg 
1,185 ppm). 

A high-frequency temporal record of CO2 levels has been collected in two caves at the U.S. Army Camp Bullis 
Training Site in northern Bexar County, Texas, located within the Edwards and Trinity aquifer systems.

Most of Headquarters Cave is located in the Basal 
Nodular Member of the Kainer Formation, with its 
lowermost 6 m in Interval A of the Upper Member of the 
Glen Rose Formation. Headquarters Cave has collapse 
morphology and maintains moisture year-round. Bunny 
Hole is developed in the Dolomitic Member of the 
Kainer Formation, has shallow maze morphology, and 
dries completely seasonally. 

Figure 5

Abstract
Carbon dioxide is globally significant to applications of understanding climate change, determining speleogenetic controls of carbonate aqui-
fer and reservoir diagenesis, and CO2 sequestration of excess greenhouse gasses in the Earth’s atmosphere. Caves provide a unique opportu-
nity to study several aspects of CO2, including: subsurface cycling of CO2 as groundwater interacts with the surrounding limestone matrix, com-
plex temporal patterns related to the dynamic system of CO2 generation in karst settings, and diurnal-seasonal-climatic ventilation patterns re-
lated to cave morphology and vadose zone permeability. Two caves at the U.S. Army Camp Bullis Training Site in northern Bexar County, Texas, 
found within the Edwards and Trinity aquifer systems, have been instrumented with Vaisala CARBOCAP CO2 Probe GMP343 sensors and Camp-
bell Scientific CR1000 dataloggers to continuously record CO2 concentrations every 15 minutes. This high-frequency, temporal record of CO2 
levels in the two caves has been monitored for approximately two years.  CO2 levels at each cave demonstrate distinct seasonal trends; how-
ever, the two caves display reverse seasonal trends relative to each other, despite being only 3 km apart and both in the Kainer Formation. Cave 
A follows the trend observed by many researchers of higher summer CO2 concentrations (avg 4,747 ppm) and lower winter concentrations 
(avg 500 ppm). Cave B displays higher concentrations of CO2 in the winter (avg 12,830 ppm) and lower concentrations during the summer (avg 
1,185 ppm). These reverse trends may be due to different background levels of moisture in the caves or to cave morphology and deeper 
sources of CO2. Cave A has collapse morphology and maintains moisture year-round. Cave B has shallow maze morphology and dries com-
pletely seasonally. Understanding the processes controlling cave CO2 fluctuations has wide applications in karst hydrogeology, speleothem pa-
leoclimate reconstruction, and cave ecology.

The caves were instrumented with Vaisala CARBOCAP CO2 
Probe GMP343 sensors and Campbell Scientific CR1000 
dataloggers to record CO2 concentrations every 15 minutes. 
This CO2 record has been collected for approximately 2 years.

Each cave was also instrumented with a 1 liter tipping 
bucket and a large funnel shaped tarp located under an 
observed actively dripping area to measure relative recharge 
rates.
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Figure 2: Block Model of Camp Bullis

Figure 2 shows the stratigraphy and surface geology of Camp Bullis 
along with karst features including Headquarters Cave (HQ) and 
Bunny Hole (BH). Headquarters Cave and Bunny Hole are 
approximately 3 km apart.

BH

HQ

Commonly assumed sources of CO2 in caves include:
 - diffusion from the surrounding rock matrix
 - degassing of dripwaters
 - organic matter decomposition within the cave
 - anthropogenic inputs by human presence in cave
 - soil CO2 migration into the cave and/or soil microbe respiration
 - gas depletion controlled by ventilation

- This method of high-frequency, continuous sampling can be applied to 
compare daily and small-scale cycles to seasonal cycles in many settings. 
Seasonal trends are more likely to be acurately represented when 
small-scale effects can be accounted for. 

- Understanding the dynamics of CO2 and rock-water interactions in the 
Edwards Aquifer region of Central Texas is important to understanding 
this unique area. The city of San Antonio and many other communities in 
central Texas depend on this aquifer for water resources. Several 
endangered and endemic species also rely on this area for habitat.

- Different sources of CO2 may be predominant in different regions, but 
once underlying systems are understood, they may be applied universally.

- High concentrations of CO2 in cave air may inhibit dripwater degassing 
and slow or stop speleothem deposition. In caves that experience 
significant CO2 fluctuations, the dripwater composition during times 
when CO2 concentrations are high may not be recorded, thus introducing 
bias into the speleothem record.

Implications

Figure 8
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