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Conclusion

This study determined that solid bitumen and vitrinite can be easily confused with one
another, and can cause the analysis of thermal maturity to be inaccurate. The presumption is that
the original vitrinite reflectance measurements taken on these samples by the Illinois State
Geological Survey, may have been collected on solid bitumen, causing the original reflectance
data to be lower than the analysis done for this study. By measuring the solid bitumen instead of
vitrinite, the ISGS measurements were found to be ~0.3% below the vitrinite reflectance taken
for this study. Additional analysis on these samples should be performed to confirm this.
Thermal maturity increases towards the southeast, with Amax Wwavelength increasing, Q*
increasing, Amax intensity decreasing, and vitrinite reflectance increasing. The change in the color
and intensity of telalginite fluorescence with increased vitrinite reflectance is also observed, with
the color changing from a bright green/yellow, to yellow, to orange, and then to a dull brown.
Samples NAS 233, 376, 128, and 184 exhibit fluorescence in the range of vitrinite reflectance
from 0.68-0.81%, but fluorescence disappears around 1.2% reflectance, close to where the oil
window ends and the gas window begins. Fluorescence is a reliable indicator of the thermal
maturity of the New Albany Shale; additional analysis should be done to confirm these
observations.

Determining the relationship between spectral fluorescence and vitrinite reflectance as a
thermal maturity indicator could help those in the industry tasked with determining the oil or gas
potential in the New Albany Shale, and other organic-rich shales in the country by using another
rank parameter. This can also prevent costly mistakes, causing companies, and potentially state
and local governments, economic loss. Calculated vitrinite reflectance measurements of the New

Albany Shale indicate potential for oil or gas extraction, through hydraulic fracturing. Hydraulic
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fracturing in the state of Illinois is motivated by lawmakers for its opportunity to bring jobs and
revenue to the state, but can also come with its own challenges with negative environmental
impacts. Because of the tight regulations established by the state, the first permit obtained by a

company will not be used, apparently due to the state's strict rules and regulations.
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Figure 1. Map of the Illinois Basin showing samples used in the study circled in red. The far
northwestern sample is NAS 233 and the far southeastern sample is NAS 126. (Base map:
courtesy of the Illinois State Geological Survey).
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Figure 2.

NAS 233, solid bitumen in white light NAS 233, telalginite in blue light

NAS 376, solid bitumen in white light NAS 376, telalginite in blue light

NAS 128, solid bitumen in white light NAS 128, telalginite in blue light
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£

NAS 184, telalginite in blue light

NAS 120 in blue light

NAS 126 in blue light

NAS 126, solid bitumen in white light

Figure 2. Photomicrographs showing change in NAS macerals with increased maturity. This is
expressed with the solid bitumen reflectance increasing (A, C, E, G, I, and K) and the
fluorescence changing from a bright green yellow (B), to a duller yellow (D and F), to a very dull
orange/brown (H), and to no fluorescence (J and L).
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Q* vs. Vitrinite Reflectance
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Figure 3. Relationship between Q* (relative intensity at 650 nm/relative intensity at 550 nm) and
vitrinite reflectance. Q* is shown to increase with the increase of vitrinite reflectance. Q* of
samples NAS120 and NAS128 could not be determined since there was no fluorescence.

Vitrinite Reflectance vs. Amax Intensity
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Figure 4. Relationship between Amax intensity and vitrinite reflectance. Amax intensity is shown to
increase with samples NAS233, 376, and 128, with a sudden decrease in Amax intensity with
sample 184 as vitrinite reflectance increases. The Amax intensity of NAS120 and NAS128 could
not be determined since fluorescence was not visible.
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Vitrinite Reflectance vs. Amax Wavelength
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Figure 5. Relationship between Amax wavelength and vitrinite reflectance. Amax wavelength for
the samples NAS233, 376, and 128 is shown to be very close together, with NAS 184 having a
higher Amax wavelength value. Overall, the Amax Wavelength increases with increased vitrinite
reflectance. The Amax wavelength of NAS120 and 128 could not be determined since
fluorescence was not visible.

NAS 233, solid bitumen in white light NAS 538, witrinite iawhite lit
Figure 6. Photomicrograph A and B demonstrate the difference in reflection, visually between

the solid bitumen (on left) and weathered vitrinite (on right) in the same sample, NAS 233. This
difference is observed to be ~0.30% based on data collected during this study and by the Illinois

State Geological Survey.
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ISGS Vitrinite Reflectance vs. Calculated Vitrinite
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Figure 7. ISGS-collected vitrinite reflectance (in blue) versus calculated vitrinite reflectance (in
orange) from this study. Vitrinite reflectance was calculated using Schoenherr’s equation of
Ro=(Bro+0.2443)/1.0495 (Schoenherr et al., 2007). In four of the six samples (NAS 233, 128,
120, and 126) the difference in vitrinite reflection is ~0.3%.

ISGS Calculated Vitrinite Reflectance vs. Calculated Vitrinite Reflectance
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Figure 8. ISGS-calculated vitrinite reflectance (in blue) and the calculated vitrinite reflectance
from this study (in orange). The ISGS-calculated vitrinite reflectance uses the same equation for
the calculated reflectance of the vitrinite reflectance taken during this study (Schoenherr et al.,
2007). Four of the six samples (NAS 233, 128, 120, and 126) express little difference in vitrinite
reflectance (<0.05%).
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Sample ISGS Vit. Ro. Solid Bitumen Vit. Ro (%) Calc. VRo (%)
(%) Ro (%)
NAS 233 0.50 0.47 0.68
NAS 376 0.58 0.44 0.71 0.65
NAS 128 0.62 0.59 0.79
NAS 184 0.79 0.61 0.82 0.81
NAS 120 1.00 1.00 1.19
NAS 126 1.45 1.41 1.76 1.58

Table 1. Vitrinite and solid bitumen data for NAS samples. ISGS Vit. Ro is the original data
supplied by the Illinois State Geological Survey; Solid Bitumen Ro. and Vit. Ro are the solid
bitumen and vitrinite reflectance measurements, respectively; Calc. VRo is the calculated
vitrinite reflectance using Schoenherr’s equation, Ro=(BR0+0.2443)/1.0495 (Schoenherr et al.
2007).

Sample 550 nm 650 nm Q* Amax Amax intensity
wavelength
(nm)
NAS 233 2930.70 1759.70 0.64 574.80 3158.80
NAS 376 2261.60 1552.50 0.70 575.60 2525.40
NAS 128 3200.80 2716.60 0.87 576.20 3596.90
NAS 184 547.50 585.70 1.10 600.60 653.30
NAS 120 0.00 0.00 0.00 0.00 0.00
NAS 126 0.00 0.00 0.00 0.00 0.00

Table 2. Spectral fluorescence data for telalginite in NAS samples. The averaged intensity
measurement was acquired at 550 nm and 650 nm; Q* is the averaged relative intensity at 650
nm divided by the relative intensity at 550 nm; Amax Wavelength is the averaged maximum
wavelength taken in nm; Amax intensity is the averaged intensity of the maximum wavelength.



