
 

 

 

 

 

 

Appendices 

 

Appendix 1: Reproducibility of Ro Values on Transects A and A Lake Erie Shoreline and Application of Ro Suppression Correction 

Factor 

 

The Ro values reported by HGS for Devonian shale samples along transects A and A Lake Erie Shoreline are reasonably consistent with Ro 

values reported by other operators for similar intervals in the same drill holes (Figure Appendix 1-a; Table 1). For example, samples from drill 

hole AAsh measured by four operators range from 0.37 to 0.52 % (mean value of 0.46 %) for the Marcellus Shale and from 0.38 to 0.48 % 

(mean value of 0.43 %) for the Rhinestreet Shale. Samples from drill hole A3 measured by two operators range from 0.48 to 0.49 % (mean 

value of 0.49 %) for the Marcellus Shale, 0.47 to 0.48 % (mean value of 0.48 %) for the Rhinestreet Shale, and 0.47 to 0.50 % (mean value of 

0.49 %) for the lower part of the Huron Member. In addition, samples from drill hole A4 measured by three operators range from 0.42 to 0.62 

% (mean value of 0.52 %) for the Marcellus Shale and 0.42 to 0.56 % (mean value of 0.48 %) for the Rhinestreet Shale (Figure Appendix 1-a). 

Although the Ro values reported by HGS in these datasets are consistently lower than the values reported by the other operators, the HGS 

analyses are within the limits of operator error and thus do not require significant changes to the Devonian shale isograd patterns in Figures 1 

and 10. If Ro values differed significantly between operators, the isograd pattern would be suspect and require modification following the Lo 

(1993) method (see below). 

 

The Ro values measured and reported by HGS in Ohio (drill holes A1-A4, ALake, and AAsh) were corrected by HGS for vitrinite suppression 

(Figure Appendix 1-b, Table 1). The suppression factor applied by HGS was calculated from the cross plot of measured Ro vs. maximum Ro 

derived by Lo (1993, Figure 1, p. 654) where vitrinite suppression was shown to be directly related to the hydrogen index (HI) of the measured 

sample (Figure 11). In drill hole AAsh, corrected Ro values increase from 0.37 to 0.45 % for the Marcellus Shale and from 0.38 to 0.56 % for the 

Rhinestreet Shale (Figure Appendix 1-b). By comparison, corrected Ro values in drill hole A3 increase from 0.48 to 0.67 % for the Marcellus 

Shale, from 0.47 to 0.62 % for the Rhinestreet Shale, and from 0.47 to 0.72 % for the lower part of the Huron Member. Moreover, in drill hole 

A4, corrected Ro values increase from 0.42 to 0.54 % for the Marcellus Shale and from 0.42 to 0.61 % for the Rhinestreet Shale. The Ro value 

(0.94 %) for drill hole A7 is uncorrected because the HI of the sample is less than 100. 

 

In comparison to the uncorrected Ro values shown on Figure 10, the corrected Ro values shown in Figure Appendix 1-b successfully convert 

the thermal maturity profile to a “normal” gradient in drill holes A2 and A3, whereas the “inverted” thermal maturity profile is still present in 

the vicinity of drill holes A4 through A6. In drill hole A1 the corrected Ro value (0.69 %) is anomalously high in comparison to the adjoining 

Devonian shale and Pennsylvanian coalbed isograds. The uncorrected Ro=0.94 % value in drill hole A7 on Figure Appendix 1-b restricts the 

coincident Devonian shale and Pennsylvanian coalbed 1.0 % isograds to the same location shown in Figure 10 and, thus, maintains a “normal” 

thermal maturity profile at the eastern end of transect A. 

http://www.searchanddiscovery.com/documents/2013/10477ryder/ndx_ryder


                          
Figure Appendix 1-a. Comparison of Devonian shale Ro values measured by different operators in drill holes AAsh, A3, and A4. 

http://www.searchanddiscovery.com/documents/2013/10477ryder/ndx_highresolution/a1a


                                        
Figure Appendix 1-b. Comparison of suppression-corrected Ro values to uncorrected Ro values on transects A and A Lake Erie Shoreline. 
HGS, Humble Geochemical Services. 

http://www.searchanddiscovery.com/documents/2013/10477ryder/ndx_highresolution/a1b


 

 

 

 

 

 

Appendix 2: Reproducibility of Ro Values on Transect B and Application of Ro Suppression Correction Factor 

 

The Ro values reported by HGS for the Devonian shale samples along transect B are reasonably consistent with Ro values reported by other 

operators for similar intervals in the same drill holes (Figure Appendix 2-a; Table 2). For example, samples from drill hole B2a measured by 

four operators range from 0.44 to 0.56 % (mean value of 0.50 %) for the lower part of the Huron Member. In addition, samples from drill hole 

B4a,b,c,d, measured by as many as three operators, range from 0.75 to 0.96 % (mean value of 0.88 %) for the Marcellus Shale, 0.99 to 1.01 % 

(mean value of 1.00 %) for the Rhinestreet Shale, and 0.73 to 0.93 % (mean value of 0.82 %) for the lower part of the Huron Member. Samples 

from drill hole B6a,b, measured by as many as three operators, range from 1.71 to 1.76 % (mean value of 1.73 %) for the Marcellus Shale and 

1.56 to 1.62 % (mean value of 1.58 %) for the Rhinestreet Shale. Although two of the three Ro values reported by HGS in these datasets are 

lower than the values reported by the other operators, the HGS analyses are within the limits of operator error and thus do not require 

significant changes to the Devonian shale isograd patterns in Figures 1 and 12. 

 

The Ro values measured and reported by HGS in Ohio (drill holes B1 through B4) were corrected by HGS for vitrinite suppression following 

the Lo (1993) method (Figure Appendix 2-b, Table 2). In drill hole B1, corrected Ro values increase from 0.43 to 0.73 % for the lower part of 

the Huron Member. By comparison, corrected Ro values in drill hole B2 increase from 0.38 to 0.51 % for the Rhinestreet Shale and from 0.44 to 

0.75 % for the lower part of the Huron Member. In addition, corrected Ro values for the lower part of the Huron Member in drill hole B3 and 

B4a increase, respectively, from 0.43 to 0.66 % and from 0.73 to 0.83 %. Ro values for drill holes B4b (1.01 %), B5 (1.04 %), B7 (1.44 %), and 

B8 (1.6 %) are uncorrected because Ro values are greater than 1.0 % and HI values are between 50 and 250. 

 

In comparison to uncorrected Ro values shown on Figure 12, corrected Ro values successfully converted the thermal maturity profile to a 

“normal” gradient in drill holes B2b through B4a; however, Ro values in drill holes B1 and B2a were overcorrected to anomalously high values. 

The uncorrected Ro=1.01, 1.04, 1.44, and 1.6 % values in drill holes B4b, B5, B7, and B8, respectively, on Figure Appendix 2-b restrict the 

coincident Devonian shale and Pennsylvanian coal 1.0, 1.5, and 2.0 % isograds to the same locations shown in Figure 12 and, thus, maintain a 

“normal” thermal maturity profile at the eastern end of transect B. 

 



                       
Figure Appendix 2-a. Comparison of Devonian shale Ro values measured by different operators in drill holes B2, B4, and B6. 

http://www.searchanddiscovery.com/documents/2013/10477ryder/ndx_highresolution/a2a


                            
Figure Appendix 2-b. Comparison of suppression-corrected Ro values to uncorrected Ro values on transect B. HGS, Humble Geochemical 
Services. 

http://www.searchanddiscovery.com/documents/2013/10477ryder/ndx_highresolution/a2b


 

 

 

 

 

Appendix 3: Reproducibility of Ro Values on Transect C and Application of Ro Suppression Correction Factor 

 

Ro values reported by HGS for the Devonian shale samples along transect C are reasonably consistent with the Ro values reported by other 

operators for similar intervals in the same drill hole (Figure Appendix 3-a; Table 3). For example, samples from drill hole C4 measured by four 

operators range from 0.48 to 0.59 % (mean value of 0.52 %) for the lower part of the Huron Member. Although the Ro values reported by HGS 

in drill hole C4 and drill holes C1 through C3 (see Table 3) are consistently lower than the values reported by other operators, the HGS analyses 

are within the limits of operator error and thus do not require significant change to the Devonian isograd patterns in Figures 1 and 13. 

 

Original Ro values measured and reported by HGS in Ohio (drill holes C1 through C4) were corrected by HGS for vitrinite suppression (Figure 

Appendix 3-b, Table 3). In drill holes C1 and C2, application of the Lo (1993) correction factor result in increase of Ro values for the lower part 

of the Huron Member from 0.44 to 0.73 % and 0.44 to 0.71 %, respectively. Similarly, corrected Ro values in drill hole C3 increase from 0.39 to 

0.62 % for the lower part of the Huron Member. Finally, in drill hole C4, corrected Ro values increase from 0.48 to 0.67 % for the lower part of 

the Huron Member. Ro values for drill holes C6 (0.72 %), C7 (0.85 %), and C8 (1.02 %) are uncorrected because the HI values of the samples 

are less than 160. 

 

Comparison of uncorrected Ro values (Figure 13) with corrected Ro values (Figure Appendix 3-b) show that only in drill hole C2 were Ro 

values successfully converted to a “normal” thermal maturity profile. In drill hole C3 and C4 the corrected Ro values are too low for a “normal” 

thermal maturity profile, whereas in drill hole C1 the corrected Ro value is unreasonably high in comparison to the adjoining 0.6 % 

Pennsylvanian coal isograd between drill hole C2 and C3. The uncorrected Devonian shale Ro values in drill holes C7 (0.85 %) and C8 (1.02 %) 

are coincident with the Pennsylvanian coalbed 0.8 and 1.0 % isograds and, thus, maintain a “normal” thermal maturity profile at the eastern end 

of transect C.  

 



                     
Figure Appendix 3-a. Comparison of Devonian shale Ro values measured by different operators in drill hole C4. 

http://www.searchanddiscovery.com/documents/2013/10477ryder/ndx_highresolution/a3a


                                    
Figure Appendix 3-b. Comparison of suppression-corrected Ro values to uncorrected Ro values on transect C. HGS, Humble Geochemical 
Services. 

http://www.searchanddiscovery.com/documents/2013/10477ryder/ndx_highresolution/a3b


 

 

 

 

 

Appendix 4: Reproducibility of Ro Values on Transect D and Application of Ro Suppression Correction Factor 

 

Ro values reported by HGS for Devonian shale samples along transect D are reasonably consistent with Ro values reported by other operators 

for similar intervals in the same drill hole (Figure Appendix 4-a). For example, samples from drill holes D1 and D4 measured by two operators 

range from 0.33 to 0.53 % (mean value of 0.43 %) and 0.45 to 0.61 % (mean value of 0.53 %), respectively, for the lower part of the Huron 

Member (Figure Appendix 4-a). Although the Ro values reported by HGS in drill holes D1 and D4 and in drill holes D2 and D5 through D7 

(Table 4) are lower than the values reported by other operators, the HGS analyses are within the limits of operator error and thus do not require 

significant changes to the Devonian isograd patterns in Figures 1 and 14. 

 

In drill hole D1, application of the Lo (1993) correction factor resulted in the increase of Ro values from 0.33 to 0.53 % for the lower part of the 

Huron Member (Figure Appendix 4-b). In addition, corrected Ro values for drill holes D2 through D5 were estimated by the authors from the Lo 

(1993) cross plot. Ro values for drill holes D6 (0.75 % HGS and 1.42 % P. Hackley) and D7 (1.76 %) in Figure 14 are uncorrected because in D6 

the HI value of the sample is less than 100 and in D7 the Ro value of the sample is greater than 1.0 %.  

 

In comparison to uncorrected Ro values (Figure 14), corrected Ro values (Figure Appendix 4-b) maintain a “normal” thermal maturity profile 

between drill holes D1 and D2; however, the 0.5 % Devonian shale isograd is shifted 20 to 30 mi farther northward. Furthermore, corrected Ro 

values in drill holes D2 (0.78 %) and D3 (0.78 %) improve the “normal gradient” of the thermal maturity profile with respect to the overlying 

0.6 % Pennsylvanian coal isograd. However, corrected Ro values in drill holes D4 (0.62 %) and D5 (0.62 %) still are too low to cause a reversal 

of the “inverted” thermal maturity profile. Uncorrected Ro values for D6 (0.75 %, HGS; 1.42 %, P. Hackley) and for D7 (1.76 %) (Figure 

Appendix 4-b) restrict the coincident Devonian shale and Pennsylvanian coal 1.0 and 1.5 % isograds to the same locations shown in Figure 14 

and, thus, maintain a “normal” thermal maturity profile at the eastern end of transect D. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                       
Figure Appendix 4-a. Comparison of Devonian shale Ro values measured by different operators in drill holes D1 and D4. 

http://www.searchanddiscovery.com/documents/2013/10477ryder/ndx_highresolution/a4a


                                             
Figure Appendix 4-b. Comparison of suppression-corrected Ro values to uncorrected Ro values on transect D. HGS, Humble Geochemical 
Services. 

http://www.searchanddiscovery.com/documents/2013/10477ryder/ndx_highresolution/a4b


 

 
 
Table 1. Data collected and analyzed on transect A (1 of 5).



                          

                          
 
Table 1. Data collected and analyzed on transect A (2 of 5). Thumbnails are linked full-size images.



                                                   

                                                   
 
Table 1. Data collected and analyzed on transect A (3 of 5). 



             

             
 
Table 1. Data collected and analyzed on transect A (4 of 5).



                     

                     
 
Table 1. Data collected and analyzed on transect A (5 of 5). Thumbnails are linked full-size images.



                        

                        
 
Table 2. Data collected and analyzed on transect B (1 of 5). 



                                         

                                         
 
Table 2. Data collected and analyzed on transect B (2 of 5). Thumbnails are linked full-size images.



                                                

                                                
Table 2. Data collected and analyzed on transect B (3 of 5). Thumbnail is linked full-size images.



                     

                     
 
Table 2. Data collected and analyzed on transect B (4 of 5).



                         

                         
 
Table 2. Data collected and analyzed on transect B (5 of 5). Thumbnails are linked full-size images.



 
 

 
 
Table 3. Data collected and analyzed on transect C (1of 5). 
 



 
 
Table 3. Data collected and analyzed on transect C (2 of 5). Thumbnails are linked full-size images. 



                                  
 
Table 3. Data collected and analyzed on transect C (3 of 5).



 

 
 
Table 3. Data collected and analyzed on transect C (4 of 5).



 

 
 
Table 3. Data collected and analyzed on transect C (5 of 5). Thumbnails are linked full-size images.



 

 
 
Table 4. Data collected and analyzed on transect D (1 of 5).



    
 
Table 4. Data collected and analyzed on transect D (2 of 5). Thumbnails are linked full-size images.



                                       
 
Table 4. Data collected and analyzed on transect D (3 of 5). Thumbnail is linked full-size images.



 
 
Table 4. Data collected and analyzed on transect D (4 of 5). 



 
 
Table 4. Data collected and analyzed on transect D (5 of 5). Thumbnails are linked full-size images.



 

 

 

 

 

Appendix 5. Chromatograms from Gas Chromatographic Analyses by Humble Geochemical Services 

 

Results of analyses of samples from the following wells and cores are presented on pages 34 to 70: 

Beckholt, Bessemer, Brown, CollinsClinger, ColumbiaMcCoy, Conley, Core510, Core859, Core2770, Core2814, Ford, Gordon, Ison, Kappel, 

McGuire, Meleski, Merckle, Newell, NYCentral, NYChicago&StLouis, Pinell, Pittston, Shockling, Sokevitz, Stapleton, Walls, Winegardner 
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Appendix 6. Maceral Photomicrographs 

 

Photomicrographs of samples from the following wells and cores are presented on pages 72 to 178: 

Beckholt, Bessemer, Brown, Columbia, Conley, Core510, Core855, Core859, Core2770, Core2814, Ench&Pyles, Ford, Gordon, Ison, Kappel, 

McGuire, Meleski, Merckle, Newell, NYCentral, NYChicagoStLouis, Pinell, Pittston, Shockling, Stapleton, Walls, Winegardner 

http://www.searchanddiscovery.com/documents/2013/10477ryder/ndx_ryder
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