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Problem Formulation 

 I am currently working on a research project with Dr. Dan Breecker, in which we are 

investigating the major source of carbon in cave-air CO2, and by extension in speleothem calcite.  

Currently, the two major sources of cave-air CO2 are considered to be atmospheric air and soil 

respiration (which comprises root and microbial respiration).  However, data that I have been 

collecting appears to refute that soil air significantly contributes to cave air.  Instead, we propose 

that respiration occurring in the bedrock is contributing significantly to cave air.   

 The main difference between respiration from these two sources is that soil gas 

undergoes diffusion, whereas air traveling through the bedrock does not undergo diffusion, but 

rather undergoes advection in the fracture network.  We attempt to identify whether cave air has 

undergone diffusion in order to understand whether or not soil air is a major component of cave 

air.  In doing so, we rely on the fact that diffusion changes the molecular ratios and isotopic 

composition of gases.  By using the respiratory quotient (RQ, which is the number of moles of CO2 

produced per mole of O2 consumed, defined here in relation to atmospheric air) of cave air compared to 

soil gas, it appears that cave air has not undergone diffusion.   

 In order to confirm these results, we also look at the stable carbon isotopic composition of cave-

air CO2 compared to soil gas CO2.  In order to conduct these comparisons, we subtract the atmospheric 

and diffusive components from soil gas, and compare these values to (1) cave air with atmospheric and 

diffusive components subtracted, and (2) cave air with atmospheric, but not diffusive components 

subtracted.  If (1) is more similar to our calculated soil gas, this would indicate that soil gas is indeed a 

major contributor to cave air.  On the other hand, if (2) is more similar to our calculated soil gas, this 

would corroborate our results obtained from RQ, which indicates that soil gas is not a major contributor 

to cave air, and that respiration from the bedrock is likely a major source of cave-air CO2.  

 Oddly enough, the data I (and Breecker et al., 2014) have gathered is the case of (1), as described 

above.  This poses a mystery, as two different methods of identifying whether or not air has undergone 

diffusion yield contradictory results.  In effort to gain insight into this mystery, I created two maps for 

Natural Bridge Cavern South, and two maps for Inner Space Cavern.  One of the two maps created for 

each cave contains a cave outline showing the differences between the carbon isotope values of soil and 

cave air, with atmospheric and diffusive components subtracted for both.  The other map created for each 

cave was identical to this first map, except that only the atmospheric component was subtracted from the 

cave air, and not the diffusive component.  The purpose of these maps is to identify whether there is a 

spatial trend between the different cave sites within each cave, which would indicate that there may be 

environmental variables affecting the proportion of respiration originating from the soil or bedrock.  Such 

environmental variables could include soil permeability or abundance of bedrock fractures.      

 

 



Data Collection and Preprocessing  

 Each map that I have created contains five layers in the end product: a satellite image, a 

cave outline, points showing cave air collection sites, a circle encompassing soil gas collection 

sites, and an interpolation (spline) of the values manually entered into the cave air collection 

points.  The satellite image was obtained from the TNRIS GIS data website, in which the image 

contained coordinate points.  The cave outline was a tiff file containing no spatial reference and 

needed to be georeferenced to the satellite image.  The cave and soil collection sites were 

manually entered into ArcMap by creating a file geodatabase, and then a feature class.  Prior to 

interpolation, two columns of data were entered into the attribute table of the cave air collection 

sites.  The data entered is from measurements and calculations stored on excel spreadsheets that I 

have compiled from my research project.  Using these data, I organized the data and calculated 

values specifically for this GIS project.   I entered values in per mil (‰) in one column of the 

attribute table, of the difference between soil and cave values both corrected for atmospheric and 

diffusive components.  The other column contained values, also in per mil, of the difference 

between soil values corrected for atmospheric and diffusive components, and cave values 

corrected for only the atmospheric component.  An average of all soil stable carbon isotopic 

values was subtracted from respective isotopic values measured from each cave site.  Each of the 

two columns was used for a single map (i.e. one column per map; two maps per cave).  The 

spline tool was then used to create a raster which interpolated the values between each of the 

cave air collection sites.  

      

ArcGIS Processing 

Here are the ArcGIS processing steps that I took: 

Load a satellite image from TNRIS GIS data containing the cave location (figure 1)  find and 

zoom into the specific cave location with the help of Google Earth (figure 2)  load the tiff file 

containing the cave outline (figure 3)  georeference the cave outline to the satellite image  

create a file geodatabase  create a polygon feature class  digitize the cave outline so that the 

background color from the tiff image is not present (figure 4)  create a point feature class  

label cave and soil sites with points on the cave outline, using Meyer et al. (2014) and Breecker 

et al. (2012) for a reference of cave site locations (figure 5)  calculate necessary values in 

excel (figure 6)  create a new floating point field in the attribute table of the cave air collection 

sites, and manually enter the values into the attribute table (figure 7)  create a new data frame 

containing the exact same layers of the first data frame  open the spline spatial analysis tool, 

for both data frames (figure 8): under environments, open raster analysis and set a mask to the 

cave trace so that the interpolation stays within the cave boundary, and change the pyramid 

resampling technique from nearest neighbor to bilinear since the interpolation values should be 

continuous; for one data frame, choose values from one of the created columns in the cave site 



attribute table, and for the other data frame choose values from the other column  change the 

spline symbology from “classified” to “stretched,” and then change the stretch type to 

“minimum-maximum,” in order to change the minimum and maximum values so that they are 

the same for both maps from the same cave, which enables the viewer to more easily see the 

difference between the two maps (figure 9)  label the cave sites by their room name (e.g. 

NBWS = Natural Bridge Well Shaft room). 

All of these steps were used twice: once for Natural Bridge Cavern South, and once for Inner 

Space Cavern.   

 

 Data Presentation 

Figure 1: The full downloaded image from TNRIS GIS data.  The white square in the southwest of the 

image shows the area covered by Inner Space Cavern in Georgetown, Texas.   

 



 

Figure 2: This is the close-up of the location shown in the white box from figure 1.   

 

Figure 3: Tiff file of the trace of Inner Space Cavern, with no spatial reference.   



 

Figure 4: (A) shows the Natural Bridge Cavern South tiff file after being georeferenced to the 

satellite image.  (B) shows Inner Space Cavern after being digitized.  Natural Bridge is chosen 

for (A) because the Inner Space georeferenced tiff file may have accidentally been deleted.     
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Figure 5: (A) shows a figure from Breecker et al. (2012) that was used to reference cave and soil 

collection sites for Inner Space.  (B) Shows my cave collection sites as blue dots, and soil 

collection sites within the green circle.  North points directly upward in (B).  

 

 

Figure 6: Some of my data in excel, which I entered into the cave air collection site attribute 

table.   
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Figure 7: The attribute table of the cave 

collection points of Inner Space, after I 

have entered all of the necessary data.   

 

 

 

 

   

Figure 8: Spline tool. 
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Figure 9: (A) shows the initial output from the spline tool, and (B) shows the same output, but with 

changed symbology.  Only regions contained within a rectangle formed by the points are able to be 

interpolated.    



Summary and Conclusion 

 The question that I aimed to address by producing these maps is whether or not there is a 

spatial trend in the difference between corrected soil and cave air stable carbon isotopic values.  I 

produced two maps from each of two caves, for a total of four maps.  One map per cave 

addresses whether a spatial trend exists when cave air is corrected for both atmospheric and 

diffusive alterations.  The other map addresses whether a spatial trend exists when cave air is 

corrected for the atmospheric input, but not for diffusive alterations.   

 It is clear from the maps that (1) cave air values are most similar to corrected soil gas 

values when cave air is corrected for both atmospheric input and diffusive isotopic alterations, 

(2) there is no strong spatial trend within a single map, and (3) general trends are similar from 

both caves, although the magnitudes are different.  (1) had already been noted by simply 

observing the values in excel; however, the visualization strengthened the comprehensibility of 

the numerical observations.  (2) rules out the possibility that there are local environmental 

differences within the area of one cave that influence the proportion of soil or bedrock 

respiration entering the cave.  (3) is interesting in the sense that the differences between soil and 

cave air are larger in both corrections at Inner Space than at Natural Bridge.  The reason for the 

difference between the two caves needs to be further explored in order to understand the reason 

for the magnitude differences.  However, some possibilities explaining the variation may be due 

to higher urbanization and impermeable cover at Inner Space than Natural Bridge, or vegetative 

history.  Most known characteristics of both cave locations are similar, such as amount of 

precipitation, atmospheric and cave temperature, and host rock units.                

 

 

 



 



 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


