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Cave area or a malfunction with recording devices, or in an area that does not affect the 

catchment system. 

 
Figure 8. Averaged daily precipitation for the Gorin Mill catchment system for three months 
before and during the sampling period compared to mean daily discharge from the Green River, 
KY. Sampling occurred on April 14th-16th, April 31st-May 1st, and May 20th-21st, 2014. 
 

 
Figure 9. Mean daily precipitation from USGS Knob Lick measuring station compared to the 
total sampled activity of 7Be from sediment samples at collection date. 
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 4.2 Beryllium-7 Activity of Sediment 

The range of measureable 7Be activity of the sediment was 0.04 to 5.37 dpm/g (Table 4). 

The lowest activities were from sediment samples taken along the Blue Spring Creek tributary on 

the first sampling trip at the deepest core depths taken from 7.6-15.2 cm and 15.2-25.4 cm. The 

highest activity measurement was over twice the recorded activity of the next highest sample and 

this maximum activity was 5.38 dpm/g. This samples was taken from 0 – 1 cm, in the subsurface 

of Hidden River Cave at water level, upstream of the entrance to the cave at Sb10 in Figure 5 and 

in Figure 10. The next highest sampled 7Be activity was also from the third sampling trip, it was 

a 0 – 1 cm sample take on the surface of the basin at S6 on the map in Figure 5. Average 7Be 

activity for the first (before recharge), second and third (after recharge) sampling trips increased 

in ascending order and comparison of before and after recharge event activities shown in Figure 

10. Average 7Be activity from the first trip was 0.175 dpm/g; second trip average is 0.559 dpm/g; 

third trip was 0.760 dpm/g. The second sampling trip occurred during a storm event and only 

subsurface samples were collected.  These measured activities correlate to rainfall and discharge 

data (Figures 8-9). Activity change over time can be described by Equation 2, where At is 

activity at time t (dpm/g), Ao is the initial activity (dpm/g), λ is the decay constant for 7Be, and 

An is new activity (dpm/g): 

At = Aoe-λt + An   (2) 
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Figure 10. Total 7Be activity measurements from before and after recharge sampling events. 
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Figure 11. Hidden River Cave map with water level 7Be activities (dpm/g) from after recharge 
(Modified from West, 2013). 
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 Table 4. 7Be Activity Data and Error 
Location Unique ID (cm) Collection 

Date 
7Be activity (dpm/g) Error 

 S8 0-2.541 4/14/2014 0.34 0.62 
 S8 2.54-7.621 4/14/2014 0.47 0.43 
 S8 7.62-15.241 4/14/2014 0.04 8.31 
 S10 0-2.541 4/15/2014 0.18 0.27 
 S10 2.54-5.081 4/15/2014 0.38 0.88 
 S10 5.08-10.161 4/15/2014 0.09 9.69 
 S10 10.16-15.241 4/15/2014 0.04 19.95 
 S4 0-2.541 4/16/2014 0.58 0.85 
 S4 2.54-5.081 4/16/2014 0.17 1.96 
 Sb3 2.54-5.081 4/15/2014 0.10 1.34 
 Sb3 10.16-15.241 4/15/2014 0.85 6.77 
 Sb3 15.24-20.321 4/15/2014 0.10 1.41 
 Sb6 0-11 4/30/2014 0.22 0.18 
 Sb9 0-11 5/1/2014 0.91 0.30 
 Sb2 0-12 4/29/2014 0.62 0.73 
 Sb5 0-11 4/29/2014 0.50 0.77 
 Sb7 0-12 5/20/2014 0.52 0.31 
 Sb3 0-11 5/20/2014 1.47 0.30 
 Sb4 0-12 5/20/2014 1.61 0.33 
 Sb8 0-13 5/21/2014 0.66 0.80 
 Sb11 0-13 5/21/2014 0.55 0.35 
 Sb9 0-12 5/21/2014 0.17 0.94 
 Sb9 0-13 5/21/2014 0.58 0.46 
 Sb10 0-12 5/21/2014 1.95 0.38 
 Sb10 0-13 5/21/2014 5.38 0.43 
 Sb1 0-14 5/20/2014 0.41 0.54 
 Sb1 0-14 5/20/2014 0.62 0.28 
 Sb1 0-14 5/20/2014 0.15 1.55 
 Sb1 0-14 5/20/2014 0.33 0.25 
 S9 0-11 5/20/2014 0.55 0.34 
 S6 0-11 5/20/2014 2.47 0.34 
 S2 0-11 5/20/2014 0.24 1.37 
 S5 0-11 5/20/2014 0.84 0.35 
 S1 0-11 5/20/2014 1.33 0.36 
 S4 0-11 5/20/2014 0.93 0.30 
 S7 0-11 5/20/2014 0.61 0.62 

                                                
1 Depth of sample in the vertical downhole direction from ground level 
2 Taken on at high water mark ledge above water level 
3 Taken at water level 
4 Taken along a horizontal cross section starting from the base to the top of a large sediment bank. H stands 
for Height from base 1 to top 6. H2, H3, H4, H5 
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  4.2.1 Uncertainty and Error 

A duplicate sample was taken from within the cave at the Sb2 location in the cave from 

the third sampling event. Both samples were run separately for γ-ray analysis in the laboratory at 

LSU to measure the variation from potential errors in data due to field and collection processes. 

However, the field error was unable to be determined because the original and the duplicate 

sample from Sb2 (Figure 6) were both below detection limits for 7Be.  

A sample from the first trip collected near the entrance to Hidden River Cave, at the 

Sediment Bank from 10-15 cm had an activity level of 0.85 dpm/g on the first run, the second 

run three weeks later was below detection limits for 7Be. A sample taken within the cave at Sb8 

from the third collection trip was run a second twenty four hour count period on the γ-ray 

analysis to find potential and extent of the error margin. The first run had a measurement of 0.66 

dpm/g and the second run was also below the detection limit for 7Be. Therefore laboratory errors 

were unable to be calculated. 

 The machine reading error was found for all samples that reported 7Be activity by 

multiplying the activity (dpm/g) by the error counts and divided by the area of 7Be measured at 

477 KeV. The highest errors were found in the deep sections of collected surface samples at the 

roadside fallow location S8 from 7.6-15 cm and the deepest section of core from S10 at 15-20 

cm depth, both samples were collected along the same tributary stream during the first trip. The 

lowest errors were from samples taken from the surface to 1 cm depth.  

  4.2.2 Comparisons between sampling events 

A total of twenty one unique samples were run for gamma ray spectrometry from the first 

sampling trip and one sample was run twice, giving twenty two 7Be activity data points from the 

first trip.  The average 7Be activity from the first trip was 0.18 dpm/g.  
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Ten samples were below detection limits but the remaining twelve data points had 

measurable data. The range of activity was lowest 0.04 dpm/g at the surface sample collected at 

Hiseville, Blue Spring Creek 7.6-15 cm section of the core. The highest activity was measured at 

0.85 dpm/g in the subsurface at the Sediment Bank 10-15 cm section of the core.  

 The second trip sediments were collected between 4/29/2014 to 5/1/2014. Only four grab 

samples were collected at this time and they were exclusively subsurface samples collected from 

just above flood water levels on the steps and at the entrance. Samples were not collected further 

into the cave on this trip because floodwaters had filled all previously traversable passages. The 

average activity measured was 0.56 dpm/g for these samples. The range of activity was lowest at 

0.22 dpm/g at Sb6 which was the bottom step into the cave during the receding flood sample 

from 0 – 1 cm. The high end of the range was 0.91 dpm/g at the sediment drape at the entrance to 

the south passage of the cave approximately one meter above stream water level at Sb9. 

 A total of twenty six unique samples were run from the third trip collect between 

5/20/2014 to 5/21/2014, with one sample from the Sb8 passage at 0-1 cm run twice. Seven of the 

twenty seven measured data points were below detection limits for 7Be with the range of activity 

from 0.12 dpm/g at Sb1, H4, the site of the upstream limit for sampling in the cave. The highest 

7Be activity was measured at 5.38 dpm/g and was collected downstream of the entrance of the 

cave from Sb10 at stream level. 

Slight differences exist between from each sampling event between surface and 

subsurface activity levels (Figure 9). The average of all surface activity is 0.49 dpm/g and 

average of all subsurface activity is 0.57 dpm/g.  

The higher mean radioisotope activity in the subsurface is due to the collection of 

rainwater in subsurface streams and the subsequent sediment and 7Be carried with it.        
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The samples taken after peak spring storm events are significantly higher both on the surface and 

subsurface of the basin. 

 4.3 Grain Size Analyses Results 

 A total of nineteen samples were analyzed for grain size, with eight samples from the first 

trip, two from the second and nine from the third trip (Figure 12). Averages grain sizes are 

shown in microns (µ) and increased with each trip. The average size from the first trip samples is 

46µ, the second trip 48µ and the third trip 83µ.  

 
Figure 12. Grain size measurements from a nineteen samples and corresponding 7Be activities. 
 

No correlation was found in the comparison between mean grain size and 7Be activity, so 

a regression was found to compare how well the data fit with the mean, median and mode of 

sampled grain size (Figure 12). R2 values in these regressions range from 0.05 to 0.11 and 

indicate the mean, median and mode of the grain size do have a strong relationship to the amount 

of 7Be activity found in samples from this study. 
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Figure 13. Regression analysis of the Mean, Median and Mode of grain size analysis. 
 

4.4 Whole Sample Mineralogy 

Whole sample mineralogical analyses was performed on twenty four samples. Quartz was 

the dominant sediment component for all samples. In order to understand denudation of 

carbonate basins by mechanical weathering, I made comparisons between all three sampling 

events of overall mineralogy and then compared carbonate percentage specifically.  

The average percent of carbonates in each sample ranged from the first trip of 0.2% to 

3.09% on the third trip. The average amount of carbonate in the samples from the first trip was 

0.92%, on the second trip 1.93% and on the third trip 1.9% of the total sediment. Cave samples 

had higher concentrations of carbonate material (Figure 12). Mineral composition of samples are 

very similar compared to dissimilar 7Be activity (Figure 13).  

The difference in mineral composition shows a slight increase in carbonates from 

subsurface sediments. The average amount of carbonate per sample on the surface is 0.9% and 
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1.9% in the subsurface. Average quartz is 88.11% in surface samples and 86.14% in subsurface 

samples, while total clay was an average of 8.72% on the surface and 10.26% average total clay 

in subsurface sediments samples.  

 
Figure 14. Mineral composition of sediments for a representative number of samples. Green 
indicates surface samples and blue indicates subsurface samples. 
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Figure 15. Mineral composition of a representative number of samples compared to 
corresponding 7Be activity for the selected sample. 
 

 
Figure 16. Regression analysis of 7Be activity data and mineral composition of sediments. 
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CHAPTER V. DISCUSSION 

The objective of this work was to determine the validity and application of the 

radioisotope 7Be to trace sediments over short time scales to understand sediment dynamics in 

karstic basins. Reference activity levels were found from an initial sampling period before a 

recharge event. Further sampling occurred during and immediately following several large 

recharge events. 7Be activities measured from each of these events were compared to understand 

how effective 7Be can be used to trace sediment dynamics from surface to subsurface systems 

and if this is a viable method to employ in future studies.  

7Be activity measurements for surface systems have been employed extensively in past 

research and reported values range from 0.9 to 10 dpm/g (Rotondo and Bentley, 2003). A study 

by Walling (2003) found typical 7Be in overbank sediments from a surface river bank soon after 

a significant flood to be 6.9 dpm/g and activities from an adjacent field above the level of river 

inundation to be 2.7 dpm/g. Blake et al. (1999) found that for a stable location within the 

catchment system of interest, typical 7Be to be 3.48 dpm/g, with most activity in the upper few 

millimeters with exponential decay below that. A study by Sommerfield et al. (1999) used 

anything higher than 3 times the standard deviation for 7Be minimum detection activity (MDA), 

which for their study was 0.5 dpm/g. A study by Bonniwell et al. (1999) used anything less than 

53% error for 7Be. 

Table 5. Statistical Analysis of 7Be Data 
Measurement Before Recharge In Cave After Recharge In 

Cave 
Average (dpm/g) 0.35 1.1 
Variance (dpm/g) 0.19 1.97 
Standard Deviation (dpm/g) 0.43 1.4 
P Value 0.06  
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The range of detected 7Be activity for cave and surface sediments in this study was 0.04 

to 5.37 dpm/g, within the order of magnitude established in previous surface studies and with 

average activity increasing from before to after recharge. To test the significance of findings the 

null hypothesis that activity of 7Be after the storm event was equal to 7Be before the storm event, 

a two sided student t-test was performed. With α = 0.05, a 0.06 p value for the null hypothesis 

was found and the null hypothesis was accepted. With an α = 0.10 I was able to reject the null 

and determined with 94% confidence that before recharge activities were less than after recharge 

activities (Table 4). To obtain a 95% confidence level, I calculated the necessary sample size 

needed using Equation 3 below: 

Necessary Sample Size = (Z-score)2*(1-σ)/(margin of error)2  (3) 

where the Z-score for a 95% confidence level is 1.96 and the margin of error is 0.05.  

I found that future studies would need ten samples from before recharge within the cave and ten 

samples after recharge in the subsurface with measured 7Be activities.  

Results indicate the upstream cave location at Sb10, is a highly active area for sediment 

dynamics (Figure 11). This coincides with the larger drainage area of the basin being directed 

into this passage of the cave (Figure 5). The next most active area of 7Be is immediately 

downstream of the large sinkhole entrance to the cave in the middle of the town Horse Cave at 

Sb4 and Sb3. This area is likely active in sediment dynamics and possible rapid 

geomorphological changes due to the large opening that allows direct rainfall into the cave 

stream without having to percolate through the overlying sediments or to collect in surface 

streams and flow into the cave. 

The most downstream sampling location at Sb1 consisted of a large sediment pile, 

activities from the bottom to top were 0.0, 0.41, 0.62, 0.15, 0.33, and 0.0 dpm/g (Table 4). This 
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closely grouped range of activities in the sediment pile indicated that these activities are 

essentially the same and result from the most recent recharge event. Areas of the cave stream 

with low activity measurements are not as active in sediment movement in the short term and 

have limited expectations for rapid changes.  

The hydrologic data illustrate both the correlation between the activities of the 7Be 

isotope with storm events and validates the effectiveness of the method by showing the lack of 

storm events preceding our first sampling trip. The effectiveness of 7Be is proven by the absence 

of significant storm events before our first sampling period that would have brought significant 

deposition of 7Be through precipitation. Enough time preceded sampling for radioactive decay of 

7Be to return to a minimum level of activity at the time of our first sampling trip (Rotondo and 

Bentley, 2003). The last significant rain or snow storm was roughly three months before our first 

samples were collected (Figure 9). 

Increases in sediment grain size between each successive trip match increased mean 7Be 

activity for each consecutive sampling event. The mineral compositions of all samples are very 

similar. Although minimal increased percentages of carbonates in sediment samples from 

progressive sampling events corresponds to the increased 7Be and subsequently sediment load 

moving through a karst basin incurred from the recharge event. Large recharge events will 

weather the limestone layers, causing erosion and movement of the autochthonous carbonate 

sediment particles. 

Future studies could take downhole cores to the penetration depth of 7Be and activity 

measured within the first half life (~53.3 days), to estimate 7Be inventories and sediment 

accumulation per day. Sediment accumulation rates (SAR) in the subsurface can be found using 

equation developed by Muhammed et al. (2008). Finding radioisotope inventories can be used to 


