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Appendices

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

The R, values reported by HGS for Devonian shale samples along transects A and A Lake Erie Shoreline are reasonably consistent with R,
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 As 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 A, 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 R, 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 R, values differed significantly between operators, the isograd pattern would be suspect and require modification following the Lo
(1993) method (see below).

The R, values measured and reported by HGS in Ohio (drill holes Aj-As, 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 R, vs. maximum R,
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 R, 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 R, values in drill hole Az 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
A, corrected R, values increase from 0.42 to 0.54 % for the Marcellus Shale and from 0.42 to 0.61 % for the Rhinestreet Shale. The R, value
(0.94 %) for drill hole A7 is uncorrected because the HI of the sample is less than 100.

In comparison to the uncorrected R, values shown on Figure 10, the corrected R, values shown in Figure Appendix 1-b successfully convert
the thermal maturity profile to a “normal” gradient in drill holes A, and As, whereas the “inverted” thermal maturity profile is still present in
the vicinity of drill holes A4 through As. In drill hole A; the corrected R, value (0.69 %) is anomalously high in comparison to the adjoining
Devonian shale and Pennsylvanian coalbed isograds. The uncorrected R,=0.94 % value in drill hole A; 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.
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Figure Appendix 1-a. Comparison of Devonian shale R, values measured by different operators in drill holes Aash, Az, and Ay.
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Figure Appendix 1-b. Comparison of suppression-corrected R,
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values to uncorrected R, values on transects A and A Lake Erie Shoreline.
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Appendix 2: Reproducibility of R, Values on Transect B and Application of R, Suppression Correction Factor

The R, values reported by HGS for the Devonian shale samples along transect B are reasonably consistent with R, 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 B,, 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
Baap.c., 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 Bgap, 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 R, 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 R, values measured and reported by HGS in Ohio (drill holes B; through B4) were corrected by HGS for vitrinite suppression following
the Lo (1993) method (Figure Appendix 2-b, Table 2). In drill hole B3, corrected R, values increase from 0.43 to 0.73 % for the lower part of
the Huron Member. By comparison, corrected R, values in drill hole B, 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 R, values for the lower part of the Huron Member in drill hole B; and
B.a increase, respectively, from 0.43 to 0.66 % and from 0.73 to 0.83 %. R, values for drill holes B4y, (1.01 %), Bs (1.04 %), B7 (1.44 %), and
Bs (1.6 %) are uncorrected because R, values are greater than 1.0 % and HI values are between 50 and 250.

In comparison to uncorrected R, values shown on Figure 12, corrected R, values successfully converted the thermal maturity profile to a
“normal” gradient in drill holes By, through Baa; however, R, values in drill holes B; and B, were overcorrected to anomalously high values.
The uncorrected R,=1.01, 1.04, 1.44, and 1.6 % values in drill holes B4y, Bs, B7, and Bsg, 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.
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Figure Appendix 2-a. Comparison of Devonian shale R, values measured by different operators in drill holes B, B4, and Be.
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Figure Appendix 2-b. Comparison of suppression-corrected R, values to uncorrected R, values on transect B. HGS, Humble Geochemical
Services.
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Appendix 3: Reproducibility of R, Values on Transect C and Application of R, Suppression Correction Factor

R, values reported by HGS for the Devonian shale samples along transect C are reasonably consistent with the R, 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 R, values reported by HGS
in drill hole C4 and drill holes C; through Cs (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 R, values measured and reported by HGS in Ohio (drill holes C; through C,4) were corrected by HGS for vitrinite suppression (Figure
Appendix 3-b, Table 3). Indrill holes C; and C,, application of the Lo (1993) correction factor result in increase of R, values for the lower part
of the Huron Member from 0.44 to 0.73 % and 0.44 to 0.71 %, respectively. Similarly, corrected R, 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 R, values increase from 0.48 to 0.67 % for the lower part of
the Huron Member. R, values for drill holes Cg (0.72 %), C7 (0.85 %), and Cg (1.02 %) are uncorrected because the HI values of the samples
are less than 160.

Comparison of uncorrected R, values (Figure 13) with corrected R, values (Figure Appendix 3-b) show that only in drill hole C, were R,
values successfully converted to a “normal” thermal maturity profile. In drill hole C3 and C,4 the corrected R, values are too low for a “normal”
thermal maturity profile, whereas in drill hole C; the corrected R, value is unreasonably high in comparison to the adjoining 0.6 %
Pennsylvanian coal isograd between drill hole C, and Cs. The uncorrected Devonian shale R, values in drill holes C7 (0.85 %) and Cs (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.
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Figure Appendix 3-a. Comparison of Devonian shale R, values measured by different operators in drill hole Ci.
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Figure Appendix 3-b. Comparison of suppression-corrected R, values to uncorrected R, values on transect C. HGS, Humble Geochemical
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Appendix 4: Reproducibility of R, Values on Transect D and Application of R, Suppression Correction Factor

R, values reported by HGS for Devonian shale samples along transect D are reasonably consistent with R, values reported by other operators
for similar intervals in the same drill hole (Figure Appendix 4-a). For example, samples from drill holes D; 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 R, values reported by HGS in drill holes D; and D4 and in drill holes D, and Ds through Dy
(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 D, application of the Lo (1993) correction factor resulted in the increase of R, values from 0.33 to 0.53 % for the lower part of the
Huron Member (Figure Appendix 4-b). In addition, corrected R, values for drill holes D, through Ds were estimated by the authors from the Lo
(1993) cross plot. R, values for drill holes Dg (0.75 % HGS and 1.42 % P. Hackley) and D7 (1.76 %) in Figure 14 are uncorrected because in Dg
the HI value of the sample is less than 100 and in D the R, value of the sample is greater than 1.0 %.

In comparison to uncorrected R, values (Figure 14), corrected R, values (Figure Appendix 4-b) maintain a “normal” thermal maturity profile
between drill holes D; and D5; however, the 0.5 % Devonian shale isograd is shifted 20 to 30 mi farther northward. Furthermore, corrected R,
values in drill holes D, (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 R, values in drill holes D4 (0.62 %) and Ds (0.62 %) still are too low to cause a reversal
of the “inverted” thermal maturity profile. Uncorrected R, values for Dg (0.75 %, HGS; 1.42 %, P. Hackley) and for D; (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.
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Figure Appendix 4-a. Comparison of Devonian shale R, values measured by different operators in drill holes D; and Ds.
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Figure Appendix 4-b. Comparison of suppression-corrected R, values to uncorrected R, values on transect D. HGS, Humble Geochemical
Services.
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Table 1. Data collected and analyzed on transect A (1 of 5).
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X (A) (fusinite)
X (A) brightly fluor x x 592
X (A) (fusinite)
in bituminous
groundmass

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




Transect A (main and ar ary data points)

telalginite

X (A
framboids

Thmerars
AMerican metroleum ToyrIie [= [SIVETE 3 [SIVETR vl Ay rch frragments |
Institute nuMber
3045 20000 (o)
framboids
< ES
34-153-60416 X(A)
framboids
X (A) X (A)
framboids rhomib
34-155-21238 x
(nodules and rhombs)
x
(framboids)
37-073-20022 < X (dolo.)
37-121-22642
37-053-20903 X (A)
framboids
34-085-20017 > (A) x
frambolids
X (A) X calcite x
framboids commonly rhombs
assciated with
telalginite
34-007-21087 X (framboids)
associated with rhombs

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



Transect A (main and a

nci

ary data points
G

G TBoN (I WE 70y GEEASED

A erican Eetralsum TOC TOC Streib (1 1) ] > = HI ol Teonan Pl
Institute number

[ oA 0aS S0o00D =3 T.99 2= [ 336 a0 .08

34-093-21100 566 374 3414 0.28 az7 5 aza 5.1

5415360416 .21 a6 3542 046 aza 5 340 GEE]

6.95 2,35 26,96 0.43 ass 6 437 0,08

6.33 1.49 2518 0.34 398 5 438 0.06

34-155-21238 B4 5.67 37.02 G.18 EES] Z a0 G.13

5 4.6 18,16 0.38 363 ! 444 0.2

5707320022 72.25 626 23.06 a1 56 T2 333 027

4,54 328 6.94 0,48 153 11 440 0,32

37-121-22642 a6 378 7.48 0.43 163 E] FET 0.34

37-053-20903 &1 353 3.9 0.62 B2 10 54 0.4

34.085-20017 6.67 4,61 31,7 0.52 475 E] 437 0.13

2,11 0.57 4,78 0.3 227 14 438 0,11

6.19 4,53 27.2 0.5 439 ] 438 0.14

34-007-21087 6.63 2,96 28,76 0.29 434 4 442 0,09

7.89 2.98 28,03 0.35 358 4 440 0.1

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




Transcct A (main and ancilliary data point
TTniE Hefleciance

B ChTOmatooTapny of bumen exrac
[FAmencan peroleum 8 e m— TV 51 ST — VT T O TTOCKIEY | o iOmman SUEID (108 11] oliOmem ZiETNSRIANG | oTiOmen BALog [ Gos chromatograpny. GC code Pristane 1 poyane |
Institute number (corrected) Mclver (1982) image
33005 20008 Gas Coo 313
34-093-21100 0,36 0,49 0,56 0,96
34-153-60416 047 0.72 0.5 221
047 0.62 0.48 1.99
048 0,67 0,49 1.41
34-155-21238 0.42 0,81 0,46 0,56 1,87
042 0,54 0,53 0.62 143
37-073-20022 CET T
0.41 0.43 (corrected by 1

authors using Lo,
199

37-121-22642 0.47 0.59 (corrected by
authors using Lo,
1993)
37-053-20902 0.94 ND
34-085-20017 0.38 0,56 0.5 2,05
0.42 0,48 0.81 217
0.46 0.68 0.52 1.18
34-007-21087 0.38 0,56 0.4a8 0.40-0.54 0.44 1.90
med
n=23
0.37 0.45 0.5 0.44.0.59 0.46 1.49
med. = 0.52
n=5

N0 0| jodoodge

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



Transect B (main and ancilliary data points)

[Fobreviations Used: A Abundant, C Common, Co Conodonts, Co, Conouonts (abundant), Co, CONOGoNts (1ocall, L LoCal, Le, LOCa! (ITom Core Jescription), Lg LINGUIoIC, Lg. LINGUIOI (common), N None observed, NS, No sample, T 1asmannes, T Tasmantes

(abundant), T Tasmanites (common), T, Tasmanites {local), Te Tentaculites, Te,, Tentaculites (common), X present, X(A) present (abundant), X(C) present (comman), X(L) present (local)
American Petroleum Tattude Tongitude el on Tease name County State  |Townsnip or Sample Formation Thterval Sample Type Fossls Bitamen
Institute number (decimal (decimal Transect Quadrangle (7.5') No. sampled (ft)
degrees) degrees)
34-117-60037 40,4774015 B2,78026321 By Core 2770 TGO ONe - [Harmony Twp By FIUran Member of Onio Snale | 708713 Core. T ™
34-083-22589 10,3977816 ~52,50267501 B, |L Becknolt Kniox Ghio _|Ciinton Twp. B, |Huron Member of Ohio Shale| 1.100-1,101 core T N
(OH-3) (Core 2800)
Ba  |Rhinestreet Shale 1,188-1,189 core
3411921617 70,01455838 B1,86942905 B, |W & O Winegardner | Muskingum Ohio [Salem Twp. B: |Huron Member of Ohio Shale| 2.400-2 532 cuttings Ta N
34-121-22255 3971356062 5146210232 B,  |H &M Shocking Noble Ohio_|Enoch Twp B., |Huron Member of Ohio Shale| 3.462-5,463 ore T, (Gark) N
(OH-8) (Gore 2936)
By Rhinestreet Shale 3.889-4,000 core T, (dark)
Marcellus Shale 4,004.8-4,095.4 core T, (dark) c
By  |Marcellus Shale 4,007.8-4,007.9 core T, (dark) c
3401320277 39,97860656 ~80,84439782 B. |R L Brown (Core  |Belmant Ohic |Mead Twp. B, |Marcellus Shale 55745517 core Co,, T, (dark) c
2842)
47-103-00645 39,67604 ~80,82388 Bs  |Emch & Pyles No. 1 |Wetzel W._va. |New Nartnsvile Br.  |Rhnestreet Snaie § 246,30 core T, (darkitaint) T
(WV-T) Quad
Bw  |Marcellus Shale 6,589 and core
6618
37-058-20038 39,86058556 -80,14601583 B,  |No. 1 Gordon Greene Pa. |Oak Forest Quad. B, |Marcellus Shals 7,860-7,78960 cuttings T, (amber)
47-077-00088 30.466660 ~79,670278 B.  |No.A-1H.G. Walls |Preston W. Va. |Newburg Quad. B. |Marcellus Shale 7,185.7,190 cutlings N

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



Transect B (main and ancilliary data points)

e
Dispersed macerals.
American Petroleum Bituminite Telalginite vitrinite. Tnertinte ‘Asphalt Bitumen Pyrobitumen. 'Spectral flourescence;
Institute number and (or) alginite mean 7pe
(amorphous kerogen)
e
34-117-60037 X X X(A) X X (local) 517
34-083-22599 X X X 519
with scattered telalginite
34-119-21617 X X X X 554
34-121-22255 X X (L) X X X? 726
weakly fluor. (anastomosing)
X X 613
asphalt (L)
X (fusinite) X 685
slightly lower %Ro than dead oil (more abn.
pyrobitumen pyrobitumen
than in Huron /
Rhinestreet)
X (fusinite) X X 704
(
and asphalt (multiple
generations);
34-013-20277 X (fusinite) X X? 702
(some pyrobitumen)
anastomosing bitumen
37-103-00645 X (scattered) X (fusinite)
37-059-20038 X X (fusinite)
47-077-00086 X some may be X (fusinite)
pyrobitumen

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




Transect B (main and ancilliary data points)

Minerals
American Petroleum Pyrite Carbonate Quartz Quartz / rutile Clay-rich fragments
Institute number
34-117-60037 X (A) X
34-083-22599
34-119-21617
34-121-22255 X (A) in quartz-rich X X (quartz-rich X
fragments fragments)
X pyrite-rich shale X X (quartz-rich X X
fragments)
X (rhombs)
X (C) framboids X (rhombs)

34-013-20277

X (A)

47-103-00645

X (A)
(framboids)

37-059-20038

47-077-00086

X (A)
(framboids)

X (authigenic)

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




Transect B (main and ancilliary data points)

Total Organic Carbon (in wt. %) Rock Eval
[ American Petroleum TOC TOC St (1981) N e N =] [s]] L ]
Institute number
S4-117-60037 5,92 741 55,60 0,14 B 7 228 0,07
34-083-22599 72 474 39,13 0.25 543 3 439 0,11
3411821617 4,02 2,18 8.4 0,43 458 1 438 o.11
34-121-22255 7.03 45 17,52 0,14 252 2 449 0.2
2,08 2,08 18 0,13 86 6 446 0,54
4,40 2,74 10,96 0,22 249 5 442 0,20
3,62 2,81 8,94 0,20 247 [ 441 0,24
34-013-20277 5.97 3,58 3.62 0,22 61 4 243 0,50
37-103-00645 715 0.79 med, n=20 0.58 0.45 T.a1 39 36 [Ty 0.56
37-059-20038 5,02 1,16 3,07 0,56 52 9 406 0.27
47-077-00086 143 159 2.14 0.4 150 28 384 0.43

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




Transect B (main and ancilliary data points}

Virnite Refectance Gas Chromatography of bllumen extract
American Petroleum %R0 mean Hamble %R Omean Hamble %R Omean Hack-ley %R Opean Streib (1981) | %R0, Zielinski and %ROmean ExLOg Gas chroﬁelography GC Code Pristane/ Phytane
Institute number (corrected) Melver (1982) image
34-117-60037 0.43 0,79 1,80
34-083-22599 0.44 0,75 0,45 0.56 med. 055 183

n=7

34-119-21617 0,43 0,66

34-013-20277 1,04 1,16

34-121-22255 0.73 0,83 0,93 0,82 | 198

47-103-00645 1.56 1.58 med 162
n=18
1.71 1,76
n=2

37-059-20038 1,44 | | 1.51, 1.83

47-077-00088 1.8 2,03 1,50

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



Transect C (main and ancilliary data points)

IAbbreviations used: A Abundant, C Common, Co Conodonts, Co, Conodonts (abundant), Co_ Conodonts (local), L Local, Lcp Local (from core description), Lg Linguloid, Lgc Linguloid (common), N none observed, N-S, no sample, T Tasmanites, T, Tasmanites (abundant), Tc
[Tasmanites (common), T, Tasmanites (local), Te Tentaculites, Te; Tentaculites (common), X present, X(A) present (abundant), X(C) present (common), X(L) present (local).

American Petroleum Latitude Longitude Well on Lease name County State Township or Sample Formation Interval Sample Type Fossils Bitumen
Institute number (decimal (decimal Transect Quadrangle (7.5") No. sampled (ft)
degrees) degrees)
—— — p— - - p— —
34-049-60004 39,99690459 -82,80555431 Cy Core 859 Franklin Ohio  |Jefferson Twp. C, Huron Member of Ohio Shale 636-638 core Ta N
34-045-20234 39,71695374 -82,38044488 C; Merckle Fairfield Ohio Rush Creek Twp. C, Huron Member of Ohio Shale| 1,536-1,640 cuttings Ta N
34-073-20497 39,44455447 -82,29964201 Cs Kappel Hocking Ohio  |Starr Twp. Cs Huron Member of Ohio Shale| 1,995-2,070 cuttings Ta N
34-105-22058 39,09108542 -81,86300335 Ca Newell (Core 2921) Meigs Ohio  |Chester Twp. Ca Huron Member of Ohio Shale| 3,300-3,301 core Ta (dark), Co_ L
(OH-9)
47-035-01371 38,873355 -81,848246 Cs No. 120401 W.L. Pinnell Jackson W.Va. [Cottageville Quad. Cs Huron Member of Ohio Shale 3564 core Ta (dark), Co. L
(WV-2)
47-035-00615 38,805835 -81,79583 Ce No. 1 Nellie Sayre King Jackson W.Va. [Cottageville Quad Cs Rhinestreet Shale 4,402-4,596 cuttings Ta (dark), Co. L
47-039-00205 38,427776 -81,557778 C; No. 1 Robertson Kanawha W.Va. |Big Chimney Quad. Cy Rhinestreet Shale 4,605-4,896 cuttings Ta ? (dark with L
(GW-346) faint outline)
47-087-00019 38,781388 -81,503891 Cs Heinzman Roane W.Va. |Gay Quad. Cs Rhinestreet Shale 4,840-5,200 cuttings T N
(4053)

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




Transect C (main and ancilliary data points)

Dispersed macerals

American Petroleum Bituminite and (or) 7elalginite Vitrinite Inertinite Asphalt Bitumen F’yrobitumen Spectral flourescence;
Institute number Alginite (amorphous mean %mayx
kerogen)
34-049-60004 X (A) X(A) brightly greenish X X (fusinite) 522
with scattered telalginite fluor., numerous
Tasmanites
— )"
34-045-20234 X X 543
34-073-20497 X X X 535
with scattered telalginite
N |
\ @
34-105-22058 X (A) 611
47-035-01371 X (A) X 612

47-035-00615

47-039-00205

47-087-00019

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




Transect C (main and ancilliary data points)

Minerals
—— — — a = a
American Petroleum Pyrite Carbonate Quartz Quartz / rutile Clay-rich fragments
Institute number
34-049-60004
34-045-20234 X X X
(rhombs)

34-073-20497 X

(framboids)
34-105-22058 X(A) X

(framboids)

47-035-01371

47-035-00615

47-039-00205

47-087-00019

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



Transect C (main and ancilliary data points)

Total Organic Carbon (in wit. %) Rock Eval
American Petroleum TOC TOC Streib (1981) S, S, S; HI Ol Tinax PI
Institute number
—
34-049-60004 7,32 2,04 36,31 0,42 496 6 433 0,05
34-045-20234 5,95 3,03 29,01 0,57 488 10 432 0,09
34-073-20497 522 2,51 2591 0,49 496 9 434 0,09
34-105-22058 5,52 4,34 21,68 0,22 392 4 448 017
47-035-01371 4,99 291 24,38 1,42 488 28 441 0,1
47-035-00615 2,12 0,77 3,21 0,37 151 17 440 0,19
47-039-00205 1,89 1.2 1.4 0,68 74 36 448 0,46
47-087-00019 1,22 1,23 2 0,38 164 31 396 0,38

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




Transect C (main and ancilliary data points)

Vitrinite Reflectance

Gas chromatography of bitumen extract

American Petroleum %ROmean Humble %R0,ean Humble %R0mean Hackley %R0 ean Streib (1981) | %ROyeq, Zielinski and %R0mean EXxLOg Gas GC Code Pristane / Phytane
Institute number (corrected) Mclver (1982) chromatography
image
—
34-049-60004 0,44 0,73 0,53 ||: 1,92
34-045-20234 0,44 0,71 0,47 1,61
34-073-20497 0,39 0,62 0,45 2,00
34-105-22058 0,48 0,67 0,53 Mean 0.5 0,59 1,83
47-035-01371 0,54 227
47-035-00615 0,72
47-039-00205 0,85
47-087-00019 1,02

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




Transect D (main and ancilliary data points)

|Abbreviations used: A Abundant, C Common, Co Conodonts, Co, Conodonts (abundant), Co, Conodonts (local), L Local, Lep Local (from core description), Lg Linguloid, Lge Linguloid (comman), N none observed, NS, no sample, T Tasmanites, T, Tasmanites (abundant),
T Tasmanites (common), T, Tasmanites (local), Te Tentaculites, Te; Tentaculites (common), X present, X(A) present (abundant), X(C) present (common), X(L) present (local).
American Petroleum LatTtude Longitude Well on Lease name County State  [Township or Sample Formation Interval Sample Type Fossils Bitumen
Institute number (decimal (decimal Transect Quadrangle (7.5") No. sampled (ft)
degrees) degrees)
— — — —

34-145-60142 38,86479477 -83,20466644 D, Core 2814 Scioto Ohio  [Brush Creek Twp. D, Huron Member of Ohio 480-481 core Ta N
Shale

16-043-16235 39,293272 -83,111354 D, No. 11-1 Warnie Stapleton Carter Ky. Grahn Quad. D, Huron Member of Ohio 1,220-1,260 cuttings T, N
Shale

16-063-26619 38,120524 -82,955843 D, No. 3 1.R. Ison Elliott Ky. Mazie Quad Dy Huron Member of Ohio 1,520-1,570 cuttings Te N
(Stephens Unit) Shale

16-115-63403 37,859252 -82,984129 Dy No. 4 Conley Johnson Ky. Qil Springs Quad. Dy Huron Member of Ohio 1,290-1,360 cuttings T (dark) N
Shale

47-043-01656 38,096671 -82,240838 Ds Columbia/McCoy Lincoln W.Va. |Ranger Quad Ds Huron Member of Ohio 3542 core T (dark) L
(20402) (WV-4) Shale

16-145-82020 37,52181 -82,277058 Dg No. 69 Ford Motor Co. Pike Ky. Belfry Quad Dg Huron Member of Ohio 43875 core T, (dark) L
Shale

45-027-20147 37,24702238 -82,18590051 D; No. 8781 Pittston Buchanan Va. Prater Quad. D; Huron Member of Ohio 5,320-5,340 cuttings N N
Shale

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



Transect D (main and ancilliary data points)

Dispersed macerals

American Petroleum Bituminite and (or) Telalginite Vitrinite Inertinite Asphalt Bitumen Pyrobitumen Spectral flourescence;
Institute number alginite (amorphous mean Amax
kerogen)
34-145-60142 X X X (A) X X 536
16-043-16235 X X X X 559
16-063-26619 X? X 562
(fusain)
16-115-63403 X 552
47-043-01656 661

16-145-82020

45-027-20147

(fusain)

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




Transect D (main and ancilliary data points)

Minerals

—
American Petroleum
Institute number

m—
Pyrite

-
Carbonate

-
Quartz

— -
Quartz / rutile

. ———
Clay-rich fragments

34-145-60142

b |

16-043-16235

16-063-26619

16-115-63403

47-043-01656

16-145-82020

45-027-20147

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




Transect D (main and ancilliary data points)

Total Organic Carbon (in wt. %) Rock Eval
E— - -
American Petroleum TOC TOC Streib (1981) S, S, S, HI Ol Tinax Pl
Institute number

— — —
34-145-60142 9,57 4,03 51,04 0,65 533 7 433 0,07
16-043-16235 6,76 2,46 27,68 0,51 409 8 429 0,08
16-063-26619 9,05 34 37,38 1,1 413 13 434 0,08
16-115-63403 6,43 2,02 27,09 0,84 421 13 433 0,07
47-043-01656 6,36 4,2 22,24 0.4 350 6 448 0,16
16-145-82020 6,01 1,78 3,72 0,25 62 4 463 0,32
45-027-20147 2,15 4,01 4,85 0,67 226 31 409 0,45

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




Transect D (main and ancilliary data points)

Vitrinite Reflectance

Gas chromatography of bitumen extract

American Petraleum %Romm Humble %R0gan, Humble %Romm Hackley %Rumem Streib (1981 -%Rumean Zielinski and %Romem ExLog Gas chromatography GC Code Pristane/Phytane
Institute number (corrected) Mclver (1982) image
—
34-145-60142 0,33 0,53 0,53 1,69
16-043-16235 0,59 0.78 (corrected by 0,66 1,44
authors using Lo, 1993)
16-063-26619 0,58 0.78 (corrected by 0,5 1,72
authors using Lo, 1993)
ke
16-115-63403 0,45 0.62 (corrected by 0,61 1,68
authors using Lo, 1993)
47-043-01656 0,51 0.62 (corrected by 0,66 1,83
authors using Lo, 1993)
16-145-82020 0,75 142 1,18
45-027-20147 1,76 1,85

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




Click to view Part 1

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


http://www.searchanddiscovery.com/documents/2013/10477ryder/ndx_ryder
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Sample Number: A1

Well Name: N.Y., Chicago, & St. Louis Railroad
API No.: 34-043-20005

Formation: Huron Member of Ohio Shale
Location: Erie County, Ohio

Interval Sampled: 73-75 ft

GC Character:
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Sample Number: A2

Well Name: B & R McGuire (OH-5)

API No.: 34-093-21100

Formation: Huron Member of Ohio Shale
Location: Lorain County, Ohio

Interval Sampled: 1,072-1,073 ft

GC Character:

N21
N22
N23
N24

N5
N26
N28
N29
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Sample Number: Aza

Well Name: Core 510

APl No.: 34-153-60416

Formation: Huron Member of Ohio Shale
Location: Summit County, Ohio

Interval Sampled: 1,880-1,886 ft

GC Character:

°3
S5,
| 98855082885 5 5
wibttdusddd oo de T 2
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Sample Number: A3b

Well Name: Core 510

API No.: 34-153-60416
Formation: Rhinestreet Shale
Location: Summit County, Ohio
Interval Sampled: 2,050-2,059 ft
GC Character:
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Sample Number: A3c

Well Name: Core 510

APl No.: 34-153-60416
Formation: Marcellus Shale
Location: Summit County, Ohio
Interval Sampled: 2,176-2,180 ft
GC Character:

N23

N4
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Sample Number: Asa

Well Name: M & A Meleski (OH-7) (also Core 2962)
APINo.: 34-155-21238

Formation: Rhinestreet Shale

Location: Trumbull County, Ohio

Interval Sampled: 2,528 ft

GC Character:




Sample Number: A4b

Well Name: M & A Meleski (OH-7)
APINo.: 34-155-21238
Formation: Marcellus Shale
Location: Trumbull County, Ohio

2 2 Interval Sampled: 2,697-2,698 ft
5 5 ~ GC Character:
S
N 5
S
5
g |EL
T =
S S
&
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Sample Number: Asa
Well Name: No. 1 Sokevitz (PA-5)
APl No.: 37-073-20022

Formation: Marcellus Shale (1)

Location: Lawrence County, Pennsylvania
Interval Sampled: 3,984 ft

GC Character:

NCI7

NC18
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1 C15

Sample Number: A7
Well Name: No. 1 Collins-Clinger
APl No.: 37-053-20903
Formation: Marcellus Shale
Locatioh: Forest County, Pennsylvania
Interval Sampled: 4,970-5,020
GC Character:

T T

mins




myY

Sample Number: A7

C15 Well Name: No. 1 Collins-Clinger
500 - API No.: 37-053-20903
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Sample Number: ALakea

Well Name: New York Central System

APl No.: 34-085-20017

Formation: Huron Member of Ohio Shale
Location: Lake County, Ohio
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Sample Number: ALakeb

Well Name: New York Central System
APINo.: 34-085-20017

Formation: Rhinestreet Shale
Location: Lake County, Ohio

Interval Sampled: 952-954 ft

GC Character:




Sample Number: ALakec

Well Name: New York Central System
API No.: 34-085-20017

Formation: Marcellus Shale
Location: Lake County, Ohio
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Sample Number: AAsha

Well Name: Bessemer & Lake Erie Railroad Co. (OH-4)
APl No.: 34-007-21087

Formation: Rhinestreet Shale

Location: Ashtabula County, Ohio

Interval Sampled: 1,172-1,173 ft
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Sample Number: AAshb

Well Name: Bessemer & Lake Erie Railroad Co. (OH-4)
APl No.: 34-007-21087

Formation: Marcellus Shale

Location: Ashtabula County, Ohio

Interval Sampled: 1,342-1,343 ft
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Sample Number: B1

Well Name: Core 2770

API No.: 34-117-60037

Formation: Huron Member of Ohio Shale
Location: Morrow County, Ohio

Interval Sampled: 708-713 ft

GC Character:




NC11

| P2

NC13

NC14

P15

NC15

| P16

NC16

NCI7

| P18
P

NC18

P20

NC19

N0
N1
NZ22

=
§ oo

N3

Sample Number: B2,

Well Name: L. Beckholt (OH-3)

APl No.: 34-083-22599

Formation: Huron Member of Ohio Shale
Location: Knox County, Ohio

Interval Sampled: 1,100-1,101 ft
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Sample Number: B3

Well Name: W & D Winegardner

API No.: 34-119-21617

Formation: Huron Member of Ohio Shale
Location: Muskingum County, Ohio
Interval Sampled: 2,400-2,532 ft
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Sample Number: B4a

Well Name: H & M Shockling (OH-8)
API'No.: 34-121-22255

Formation: Huron Member of Ohio Shale
Location: Noble County, Ohio

Interval Sampled: 3,462-3,463 ft
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Sample Number: B4b

Well Name: H & M Shockling (OH-8)
APINo.: 34-121-22255

Formation: Rhinestreet Shale
Location: Noble County, Ohio
Interval Sampled: 3,999-4,000 ft
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Sample Number: Bac

Well Name: H & M Shockling (OH-8)
APl No.: 34-121-22255

Formation: Marcellus Shale
Location: Noble County, Ohio
Interval Sampled: 4,094.8-4,095.4 ft
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Sample Number: Bad

Well Name: H & M Shockling (OH-8)
API No.: 34-121-22255

Formation: Marcellus Shale
Location: Noble County, Ohio
Interval Sampled: 4,097.8-4,097.9 ft
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Sample Number: Bs

Well Name: R. L. Brown

APINo.: 34-013-20277
Formation: Marcellus Shale
Location: Belmont County, Ohio
Interval Sampled: 5,574-5,577 ft
GC Character:

NC18




HiP

NC11

NC12

P13

——1 Dt
P —

NC13

LI

NC14
NC15

[P15

| P16

NC16

| P18

NC17

H_B\IH"IH

P20

NC18

NC19

N0

N21

NZ23
N24

N22

N25

Sample Number: B7 (1)

Well Name: No. 1 Gordon

API No.: 34-059-20038

Formation: Marcellus Shale

Location: Greene County, Pennsylvania
Interval Sampled: 7,860-7,960 ft
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Sample Number: B7(2)

Well Name: No. 1 Gordon

API No.: 37-059-20038
Formation: Marcellus Shale
Location: Greene County, Ohio
Interval Sampled: 7,860-7,960 ft
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Sample Number: Bs

Well Name: No. A-1 H. G. Wallls
APl No.: 47-077-00086
Formation: Marcellus Shale

Location: Preston County, West Virginia
Interval Sampled: 7,185-7,190 ft
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Sample Number: Ci

Well Name: Core 859

APl No.: 34-049-60004

Formation: Huron Member of Ohio Shale
Location: Franklin County, Ohio

Interval Sampled: 636-638 ft
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Sample Number: C2

Well Name: D. Merckle

API'No.: 34-045-20234

Formation: Huron Member of Ohio Shale
Location: Fairfield County, Ohio

Interval Sampled: 1,536-1,640 ft
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Sample Number: C3
Well Name: Kappel
API No.: 34-073-20497

Formation: Huron Member of Ohio Shale
Location: Hocking County, Ohio
Interval Sampled: 1,995-2,070 ft
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Sample Number: Ca

Well Name: Newell (OH-9)

API No.: 34-105-22058

Formation: Huron Member of Ohio Shale
Location: Meigs County, Ohio

Interval Sampled: 3,300-3,301 ft
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Sample Number: Cs

Well Name: No. 12041 W. L. Pinnell (WV-2)
API No.: 47-035-01371

Formation: Huron Member of Ohio Shale
Location: Jackson County, West Virginia
Interval Sampled: 4,402-4,596 ft
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Sample Number: D1

Well Name: Core 2814

APINo.: 34-145-60142

Formation: Huron Member of Ohio Shale
Location: Scioto County, Ohio

Interval Sampled: 480-481 ft
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Sample Number: D2
Well Name: No. 11-1 Warnie Stapleton
APINo.: 16-043-16235

Formation: Huron Member of Ohio Shale
Location: Carter County, Kentucky
Interval Sampled: 1,220-1,260 ft
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Sample Number: D3

Well Name: No. 3 L.R. Ison (Stephens Unit)
API No.: 16-063-26619

Formation: Huron Member of Ohio Shale
Location: Elliott County, Kentucky
Interval Sampled: 1,520-1,570 ft
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Sample Number: D4

Well Name: No. 4 Conley

APl No.: 16-115-63403

Formation: Huron Member of Ohio Shale
Location: Johnson County, Ohio

Interval Sampled: 1,290-1,360 ft
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Sample Number: Ds

Well Name: Columbia/McCoy (20402 )(WV-4)
APINo.: 47-027-20147

Formation: Huron Member of Ohio Shale
Location: Lincoln County, West Virginia
Interval Sampled: 3,542 ft
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Sample Number: De
Well Name: No. 69 Ford Motor Company
API No.: 16-145-82020

Formation: Huron Member of Ohio Shale
Location: Pike County, Kentucky

Interval Sampled: 4,387.5 ft
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Sample Number: D7

Well Name: No. 9781 Pittston

APINo.: 45-027-20147

Formation: Huron Member of Ohio Shale
Location: Buchanon County, Virginia
Interval Sampled: 5,320-5,340 ft
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Click to view Part 1

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
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