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INTRODUCTION

0il and gas fields producing from Cambrian and Ordovician reservoirs in
Ohio range from a modest number of very small to small fields in the
Appalachian basin part of Ohio to the giant Lima-Indiana field aligned in part
with the Findlay arch of northwestern Ohio (fig. 1). The majority of the oil
and gas fields in the Appalachian basin part of Ohio are trapped at or near
the Middle Ordovician Knox unconformity whereas oil and gas in the Lima-
Indiana field is trapped about 1000 ft above the Knox unconformity. The main
objective of this investigation is to define the geochemical character of
selected oils from Cambrian and Lower Ordovician reservoirs in the Appalachian
basin part of Ohio. A second objective of this investigation is to identify
the probable source of the Ohio oils by analyzing the total organic carbon
(TOC) and Rock-Eval yields of selected shale and argillaceous limestone
samples in the Ohio-West Virginia-Tennessee part of the Appalachian basin.
The report presents gas chromatograms of the saturated hydrocarbon fraction
for 15 Ohio oils, TOC and Rock-Eval data for 92 rock samples, and preliminary
conclusions regarding the geochemical character and source of the 15 Ohio
oils.

Fifteen oil samples from stratigraphic and subtle anticlinal traps along
the Middle Ordovician Knox unconformity in Ohio were analyzed by gas
chromatography to determine their geochemical character. The most productive
group of Knox unconformity oil fields sampled (five samples) in this
investigation are concentrated in Morrow County where 0il is trapped directly
beneath the unconformity in buried hills (fig. 1). The buried hills consist
of finely to coarsely crystalline dolomite with local solution-enlarged
fractures and caverns in the Upper Cambrian part of the Knox Dolomite (Copper
Ridge Dolomite of driller’s usage) (Calvert, 1964; Dolly and Busch, 1972;
Petrie, 1982) (figs. 2, 3). Gas fields, with local oil and condensate,
producing from the Upper Cambrian (?) Rose Run Sandstone Member of the Knox
Dolomite and the overlying Lower Ordovician part of the Knox Dolomite
(Beekmantown Dolomite of driller’s usage) constitute another important group
of fields sampled in this investigation (seven samples) (figs. 2, 3).
Discovered mainly in the 1980’s, these fields are scattered across a 200-mi-
long, northeast-trending zone in eastern Ohio where the Rose Run Sandstone
subcrops beneath the Knox unconformity (fig. 1). Traps for the Rose Run
fields consist of buried hills, updip pinchouts, and small anticlines
(Janssens, 1973; Coogan and Maki, 1986; Moyer, 1988). 1In Erie and Huron
Counties, several small anticlinal 0il fields (South Birmingham and Collins)
were sampled (two samples) in this investigation (fig. 1). These fields
produce oil from directly beneath the Knox unconformity. The Collins field
(pool) produces oil from the Upper Cambrian part of the Knox Dolomite whereas
the South Birmingham field produces o0il from a local sandstone recognized by
drillers as the Krysik sandstone of Late Cambrian age (Janssens, 1973) (figs.
2, 3). The Knox Dolomite and Krysik sandstone in the Collins and South
Birmingham fields (Janssens, 1973) and the Knox Dolomite in the Tiffin field
(Janssens, 1973) in adjoining Seneca County (fig. 1) are the oldest o0il-
producing strata in Ohio. The remaining sample collected for this
investigation is from the Harlem field (Gannan, 1983; Wickstrom and Gray,
1985; Maslowski, 1986) in Delaware County (fig. 1) where gas and minor oil is
produced from the Middle Ordovician Black River and Trenton Limestones (figs.
2 and 3). Here, the gas and oil appear to be stratigraphically trapped in a
zone of localized dolomitization about 500 ft above the Knox unconformity
(Gannan, 1983).

Of the 15 Ohio oils sampled for this investigation, only the Morrow
County oils previously have been analyzed and characterized {(McKirdy and



others, 1981; Cole and others, 1987). Geochemical analyses of oils from the
Lima-Indiana field on the Findlay arch--not sampled in this investigation--
have been reported by Longman and Palmer (1987) and Cole and others (1987).

Ninety-two core and outcrop samples from Ohio, Tennessee, and West
Virginia were analyzed by Rock-Eval for total organic carbon (TOC) and
pyrolysis yields and by solvent extraction to evaluate the source of the Ohio
oils. Four stratigraphic intervals were tested: (1) the Middle and Upper
Cambrian strata in the Rome trough and thrust belt, (2} the Middle Ordovician
Wells Creek Formation and the eqguivalent part of the Beekmantown Group, (3)
the Middle Ordovician Black River Limestone, and (4) the Middle and Upper
Ordovician Antes Shale (figs. 2, 3). These stratigraphic intervals are
considered by us to be the most likely candidates for the source of the Ohio
oils trapped in Cambrian and Ordovician strata. They are proximal to the oil
reservoirs and they contain local to abundant, dark gray to black shale and
argillaceous limestone that are indicative of above-average organic richness.
TOC, Rock-Eval, and solvent extraction analysis of selected rock samples in
this investigation may provide evidence to eliminate one or more of the
candidates. Other Rock-Eval analyses in Ohio and adjoining states that are
relevant to this investigation have been reported by Cole and others (1987)
(numerous Cambrian and Ordovician units in Ohio), Wallace and Roen (19889)
(Utica and Antes Shales in Ohio, New York, Pennsylvania, and West Virginia),
and Laughrey (1991) (numerous Cambrian and Ordovician units in Pennsylvania).
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OIL GEOCHEMISTRY
Sample Collection and Analytical Procedure

Fifteen 0il samples, listed in table 1 and located on figure 4,
constitute the crude-oil data set used in this investigation. Four major
groups of o0il and gas fields, based on geographic and stratigraphic position,
were sampled: (1) Morrow County fields; (2) Rose Run Sandstone fields; (3)
South Birmingham and Collins fields; (4) Harlem field (figs. 1, 2). The oil
samples were collected in 1987 and 1988 by o0il industry and Ohio Division of
Geological Survey personnel cited in the acknowledgments. Most of the oil
samples were collected directly from the well head, but several of the samples
were collected from a holding tank adjoining the producing well. Gas
chromatography was performed on the Cg+ saturated hydrocarbon fraction of the
oil samples using a Hewlett-Packard 5890A gas chromatograph.

Gas Chromatograms and Geochemical Character

Gas chromatograms (normal and expanded scale) of the 15 oil samples
analyzed in this investigation are shown in figures 5 through 34. The



expanded-scale chromatograms were plotted to more readily identify the
isoprenoids, pristane (pr) and phytane (ph) and to measure their peak heights.
The distribution of the Cg+ n-alkanes in each oil is compared against all oils
(fig. 35) and selected groups of oils (figs. 36-39).

The o0il samples show similar geochemical characteristics including: (1)
predominance of odd-numbered n-alkanes between nCjyp and nCjg (carbon
preference indices from 1.04 to 1.15); (2) pr/ph between 1.0 and 1.4 (fig.
40); (3) a full profile of the Cp1+ saturated hydrocarbon fraction except for
samples J and K (figs. 23 and 25) which are very light oils or condensates;
and (4) pr/nCi17 and ph/nCi1g between 0.2 and 0.5 (fig. 41).

ROCK-EVAL ANALYSES OF SELECTED ROCK SAMPLES
Sample Collection and Analytical Procedure

The 92 rock samples collected from cored drill holes and outcrops listed
in table 2 and located on figure 4 constitute the rock data set used in this
investigation. These core and outcrop samples consist of shale and
argillaceous carbonate collected from 1984 through 1988 by R. T. Ryder. The
samples were collected in stratigraphic intervals which we consider to be
likely candidates for the source of the Ohio o0ils. All rock samples were
ground to a powder size of 100 mesh and analyzed for standard pyrolysis yields
and organic carbon content (TOC) using a Rock-Eval instrument.

Organic Carbon Content and Rock-Eval Pyrolysis Yields

The organic carbon content and pyrolysis "products" of the 92 rock
samples are shown in figures 42 through 70. Because the pyrolysis "products"
are not accurately known they are simply identified as yields of volatile
hydrocarbons (S;), kerogen breakdown products (S;), and carbon dioxide
(s3) (Appendix A). Oxygen Index (OI) values greater than 200 mg COz,4 Organic
carbon noted in many of the analyses are most certainly the result of
carbonate rock decomposition during pyrolysis rather than carbon dioxide from
organic matter (for example, see figure 44). The sample analyses are
organized by state: Ohio (figs. 42-53); West Virginia (figs. 54-66);
Tennessee (figs. 67-70). Figure 71 shows the TOC content of strata considered
here to be the most probable candidates as the source of the Ohio oils (Antes
Shale; Wells Creek Formation and equivalent part of the Beekmantown Group;
Middle and Upper Cambrian Strata in the Rome trough and thrust belt; and Black
River Limestone). Also, TOC values for shale units in the Knox Dolomite,
Beekmantown Group (lower part), and Rose Run Sandstone Member are shown in
figure 71 but these strata are not seriously considered to be source beds for
the Ohio oils. Of the four groups of potential source beds, the Antes Shale

samples show the highest TOC wvalues (x = 1.2, n = 12). The average TOC for
each of the remaining three groups is less than 0.5. For example, the Wells
Creek Formation and equivalent Beekmantown Group have an average TOC value of
0.3. In this study we use a 1% TOC lower limit for source rocks.

Figure 72 shows the distribution of Tmax temperatures calculated for
S2 > 0.40 mg/g and production indices (PI) calculated for TOC > 0.5. The
values can be used as an indication of thermal maturity with respect to oil
and gas generation (Espitalié and others, 1977; Tissot and Welte, 1984).
Because of the high thermal maturity and (or) low TOC of many samples, few
reliable Tmax temperatures and PI values were obtained in this study. Except
for one data point on figure 72 (Tmax=420; PI=0.07), Tmax temperatures and
production indices suggest that the Lower and Middle Ordovician strata in



central and eastern Ohio are marginally mature to mature with respect to oil

generation. Production indices between 0.3 and 0.5 (x = 0.4, n = 9) suggest
that in adjoining West Virginia, on the hinge zone between the Rome trough and
the relatively stable shelf (fig. 4), the Lower and Middle Ordovician strata
are at or slightly above the upper limit of o0il generation. In the Rome
trough of West Virginia and the thrust belt of eastern Tennessee, production
indices between 0.4 and 0.6 indicate that the Middle and Upper Cambrian strata
are in the zone of gas generation.

Thermal maturity trends inferred from the Tmax and PI values presented
in this study (fig. 72) correspond broadly with the eastward increasing level
of thermal maturation in Ordovician strata recognized by Harris and others
(1978), Cole and others (1987), and Wallace and Roen (1989). Wallace and Roen
(1989) suggested that the oil generation zone for Ordovician strata continues
westward along a 50- to 75-mi-wide, lobate-shaped belt through central Ohio
and into part of western Ohio. Cole and others (1987) showed that Ordovician
strata in northwestern Ohio are in the zone of 0il generation but exclude all
of central Ohio from the zone of oil generation. The curious extension of the
0il generation zone through central Ohio as shown by Wallace and Roen (1989),
and supported by our control points in Morrow County, requires additional
study.

Solvent Extraction

The thermal maturity of most of the samples with TOC > 1.0 was too high
to yield adequate solvent extracts for detailed characterization.

CONCLUSIONS

1. The 15 Ohio oils studied here are geochemically similar to one
another and to oils in North American, European, and Australian localities
that have been correlated with Ordovician source rocks (Reed and others, 1986;
Longman and Palmer, 1987; Jacobson and others, 1988). The most notable
characteristic of these oils is the predominance of odd-numbered n-alkanes
between nCj;; and nCjg.

2. Rose Run Sandstone oils are the most mature of the 15 Ohio ocils
examined based on their greater gas-to-oil ratios, greater condensate content,
predominance of n-alkane fraction less than nC;s5,and greater reservoir depths.
Low pr/nCi7 and ph/nCyg values (fig. 41) for the Rose Run oils with respect to
the o0il located in central and north-central Ohio support Connan (1981) who
reported an inverse relation between these ratios and the maturation level of
crude oil.

3. Judging from the rock samples studied here, the Middle and Upper
Ordovician Antes Shale is the most probable source of the Ohio oils because of

its moderate TOC values (x = 1.2), production indices between 0.3 and 0.5, and
stratigraphic position about 1,000 ft above the Knox unconformity. Powell and
others (1984), Cole and others (1987), and Wallace and Roen (1989) also
concluded that the Antes Shale and equivalent units such as the Utica Shale
are good petroleum source rocks and are the probable source for oils in
Cambrian and (or) Ordovician reservoirs in Ohio and Ontario.

4. Maturation levels based on a limited number of Tmax temperatures and
production indices suggest that the Ohio oils analyzed in this investigation
were generated in easternmost Ohio and (or) adjoining Pennsylvania and West
Virginia and migrated along the Knox unconformity into traps in eastern and



central Ohio. The Rose Run o0il probably was trapped at about the same time as
the o0il in and adjoining Morrow County was trapped, but the Rose Run oil
experienced greater in-reservoir maturation owing to its more basinward

position.
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Figure 1. Map of Ohio showing oil and gas fields that produce from Cambrian

and (or) Ordovician reservoirs. Selected counties are identified as
follows: D, Delaware; E,Erie; H, Huron; M, Morrow; S, Seneca.
Named flelds apply to flelds used in this study. Most Rose Run Sand-
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Figure 3. Correlation chart of Proterozoic, Cambrian, and Ordovician rocks
along section X-X’' and adjoining Virginia (Ryder, in press a). Also
shown is the stratigraphic position of the oil and rock samples used in
this investigation. The time scale from Palmer (1983) is nonlinear.

North American chronostratigraphic units are modified after Barnes and

others (1981), Ross and others (1982), and Palmer (1983).
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Figure 4. Map of Ohio, Tennessee (part), West Virginia (part), and adjoining
states showing major tectonic features, line of section X-X’, and the
location of 0il and rock samples used in this investigation. Major
tectonic features are identified as follows: ASF, Allegheny structural
front; CA, Cincinnati arch; CS, Cumberland saddle; FA, Findlay arch; LD,
Lexington dome; ND, Nashville dome; OWVHZ, Ohio-West Virginia hinge
zone; WA, Waverly arch. Selected counties are identified as follows:
(ohio) A, Ashland; At, Ashtabula; C, Coshochton; D, Delaware; E, Erie;
G, Geauga; Gu, Guernsey; Ho, Holmes; H, Huron; L, Lake; Mo, Morgan; M,
Morrow; R, Richland; Sa, Sandusky; T, Tuscarawas; W, Wayne; (Tennessee)
G, Grainger; T, Trousdale; (West Virginia) J, Jackson; M, Mingo; W,
wood., Additional data regarding wells sampled for oil and potential

source rocks are listed in tables 1 and 2, respectively.
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(A) Ashland Oif and Refining Company No.1 Myers
1 § Canaan Township
3 Morrow Gounty, Ohio’
¥ - ) Ohio Permit No.10
3001 2 Producing formation: Knox Dolomite
] Producing intervat 2908 and 3031 ft
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Figure 5. Gas chromatogram of the C.+ saturated hydrocarbon fraction of oil
sample A, Ashland 01l and Refining Company No. 1 Myers well, Morrow
County, Ohio. The C, through C,. n-alkanes and the isoprenoids pristane
(pr) and phytane (ph; are idencigied.
200 (A) Ashiand Oil and Retining Company No.1 Myers
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Figure 6. Partial gas chromatogram (expanded scale) of the saturated
hydrocarbon fraction of oil sample A, Ashland 0il and Refining Company
No. 1 Myers well, Morrow County, Ohio. The C 7 and C 3 n-alkanes and
the isoprenoids pristane (pr) and phytane (ph} are idéntified.
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Figure 8. Parciul gas chromatogram (expanded acale) of che sacutated
hydrocarbon fraction of oil sample B, Ashland 0il and Refining Company
No. A-l Coulter well, Morrow County, Ohio. The C., and Cx n-alkanes
and che isoprenoids priscane (pr) and phytane (phs are identified.

16

600 !
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Figure 7. Gas chromacogram of the C.+ saturated hydiocarbon fraction of oil
sample B, Ashland 0il and Refining Company N6. A-l Coultar well, Morrow
County, Ohio. The C, through C,, n-alkanes and che isoprenoids pristane
(pr) and phytane (ph; are idencﬂi
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Peak intensity

(C) Ashiand Oil and Refining Company No.2 Kelly
Gilead Township
Morrow County, Ohio

Ohio Permit No.2033
Producing formation: Knox Dolomite

§ Producing interval: 3026-3080 ft
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Figure 9, Gas chromatogram of the C.+ saturaced hydrocarbon fraction of oil

sample C, Ashland 0il and Refining Company No. 2 Kelly well, Morrow
County, Ohio., The C, through C,, n—alkanes and the isoprenoids pristane
(pr) and phytane (th are :Lden:ﬂied.
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Figure 10, Partial gas chromatogram (expanded scale) of the saturaced
hydrocarbon fraction of oil sample C, Ashland Oil and Refining Company
No. 2 Kelly well, Morrow County, Ohio. The C 7 and C,, n—alkanes and

the isoprenoids pristane (pr) and phytane (ph& are identified.
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] (D) Ashiand Qit and Refining Company No.5 Mosher
4 - Cardington Township
S80- Q Morow County, Ohio
J Ohio Permit No.1407
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Figure ll. Gas chromatogram of the C.+ saturated hydrocarbon fraction of oil
sample D, Ashland 0il and Refining Company No. 5 Mosher well, Morrow
County, Ohio. The C, through C3 n-alkanes and the isoprenoids pristane
(pr) and phytane (ph) are identified.
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Figure 12. Partial gas chromatogram (expanded scale) of the saturated
hydrocarbon fraction of oil sample D, Ashland 0il and Refining Company
No. 5 Mosher well, Morrow County, Ohio. The C and C,, n—alkames and
the isoprenoids pristane (pr) and phytane (ph) are identified.
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Figure l4. Partial gas chromatogram (expanded scale) of the saturated
hydrocarbon fraction of oil sample E, Ashland 0il and Refining Company
No. L Hoyt well, Morrow County, Ohio. The C17 and C,, n—alkanes and the
isoprenoids pristane (pr) and phytane (ph) are identified.
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: (E) Ashiand Oil and Refining Company No.1 Hoyt
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Figure 13. Gas chromatogram of the C.+ saturated hydrocarbon fraction of oil
sample E, Ashland 0il and.Reiin;ng Company No. 1 Hoyt well, Morrow
County, Ohio. The C, through t’.‘3 n-alkanes and the isoprenoids pristane
(pr) and phytane (ph} are 1dent1.l.ied.
2524
(E) Ashland Oil and Refining Company No.1 Hoyt
Morrow County, Ohio
133
~ .
- '
@) |
‘[ | |
2 2
3 2
s 1264
= |
-1 |
« |
@
a
63 &
o
a
o_
15 16 17 18 13 20 21 22 23 2 25




(F) Park Ohio Industries Energy No.3 RHOA
New Lyme Township

3 Ashtabula County, Ohio
Ohio Permit No.1847
300 Producing formation: Rose Run Sandstone Member
and the upper part of the Knox Dolomite
Producing interval: 6148-6168 ft
z
2 -
5} - e
z 200
k3
©
®
a
180
1
8 L T T T ¥ . L]
10 20 368 40
Time (min.)
Figure 15. Gas chromatogram of the C_+ saturated hydrocarbon fraction of oil
sample F, Park Ohio Industries Energy No. 3 RHOA well, Ashtabula County,
Ohio. The C, through C 1 n~alkanes and the isoprenoids pristane (pr)
and phytane th) are idgntified.
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Figure 16. Partial gas chromatogram (expanded scale) of the saturated
hydrocarbon fraction of oil sample F, Park Ohio Industries Energy No. 3

_ RHOA well, Ashtabula County, Ohio. The C 7 and C,, n~alkanes and the
isoprenoids pristane (pr) and phytane (ph} are identified.
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4 2 {G) Lomak Petroleum Inc. No.1 Hess-Whiting
Q o Burton Township
1 - Q - Geauga County, Ohio
1 Q Q Ohio Permit No.1109
Producing formation: Rose Run Sandstone Member
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> 200 2 3
‘a‘. 13
o 4
2
£ 1 -
o~
% . :
& ~”
d o
4 a e -
5 e .
-1 «
2
w AU AR l“l“'l*‘—-‘.__..__
1
8 A T T M T M 1
2 18 20 30 40
Time (min.)
Figure 17. Gas chromatogran; of the C.+ saturated hydrocarbon fraction of oil
sample G, Lomak Petroleum No. 1 Hess-Whiting well, Geauga County, Ohio.
The C, through C,, n-alkanes and the isoprenoids pristane (pr) and
phytane (ph) are”identified.
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Figure 18. Partial gas chromatogram (expanded scale) of the saturated
hydrocarbon fraction of oil sample G, Lomak Petroleum No. 1 Hess-Whiting
well, Geauga County, Ohio. The C 7 and C n~alkanes aad the
isoprenoids pristanme (pr) and phyéane (ph}sare idencified.
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b (H) Lomak Petroleum, Inc. No.1 Dobra
J Troy Township
4 "2 Geauga County, Ohio
S50 Ohio Permit No.1456
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Figure 19, Gas chromatogram of the C.+ saturated hydrocarbon fraction of oil
sample H, Lomak Petroleum No. L Dobra well, Geauga County, Ohioc., The C
through C,, n-alkanes. and the isoprenoids pristane (pr) and phytane (Ph;
are iden:ihed.
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Figure 20. Partial gas chromatogram (expanded scale) of the saturated
hydrocarbon fraction of oil sample H, Lomak Petroleum No. 1 Dobra well,
Geauga County, Ohio. The CI and Cl n~alkanes and the isoprenoids
pristane (pr) and phytane (pl) are Lgentified.
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Retention time (min) ———>

Figure 22. Partial gas chromatogram (expanded scale) of the saturated
hydrocarbon fraction of oil sample I, Atwood Resources No. 3 Troendly
well, Tuscarawas County, Ohio. The C1 and C,, n-alkanes and the
isoprenoids pristane (pr) and phytane th) are identified.
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| Tuscarawas County, Ohio
Ohio Permit No.4462
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Figure 2l. Gas chromatogram of the C.+ saturated hydrocarbon fraction of oil
sample I, Atwood Resources No. ; Troendly well, Tuscarawas County, Ohio.
The C, through C,, n-alkanes and the isoprenoids pristane (pr) and
phytane (ph) are”identified.
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12008 ] R (J) Atwood Resources No.1 Newcomerstown Landifil
- Q Oxtord Township
9 Tuscarawas County, Ohio
1080 Ohio Permit No.4574
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) and upper part of the Knox Dolomite
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Figure 23. Gas chromatogram of the C.+ saturated hydrocarbon fractionm of oil
sample J, Atwood Resources No. Newcomerstown Landfill well, Tuscarawas
County; Ohio. The C, through C,, n-alkanes and the isoprenoids pristame
(pr) and phytane (phz are idenciéied.
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Figure 24. Partial gas chromatogram (expanded scale) of the saturated
hydrocarbon fraction of oil sample J, Atwood Resources No. 1
Newcomeratown Landfill well, Tuscarawas Couaty, Ohio. The C,, and c18
n-alkanes and the isoprenoids pristane (pr) and phytane (ph) are
identified.
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seo 2 (K) Atwood Resources No.2 Armstiong
Oxford Township
Tuscarawas County, Ohio
800 Ohio Parmit No.4497
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Figure 25. Gas chromatogram of the C_+ saturated hydrocarbon fraction of oil
sample K, Atwood Resources No. 3 Armstrong well, Tuscarawas County,
Ohio. The C, through C19 n~alkanes are identified, The isopranoids
pristane (pr; and phytané (ph) cannot be identified.
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Figure 26. Partial gas chromatogram (expanded acale) of the saturated

. hydrocarbon fraction of oil sample K, Atwood Resources No. 2 Armstrong
well, Tuscarawas County, Ohio. The CI and C.. n—alkanes and the
isoprenoids pristane (pr) and phytane th) are identified.
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Peak intensity

(L) Stone Resources and Energy Corporation and Atwood Resources No.1 Hackenbracht
] - Adams Township
Coshocton County, Ohio

] Ohio Permit N0.5908
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j <] “ ~ and upper part of the Knox Dolomite
J § - § Q Q Q @ Producing intervak 7068-7104 ft
- g . ‘g

1504

1808

509

4
] J‘
J ul

o
]

%] 10 20 309 40
Time (min.)

Peak intensity ————»

Figure 27. Gas chromatogram of the C.+ saturated hydrocarbon fraction of oil
sample L, Stone Resource and Enérgy Corporation and Atwood Resources No.
1 Hackenbracht well, Coshocton County, Ohio, The through €
n-alkanes and the isoprenoids pristane (pr) and phytane (ph) ate
identified.
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Figure 28. Partial gas chromatogram (expanded scale) of the saturated
hydrocarbon fraccion of oil sample L, Stone.Resource and Energy
Corporation and Atwood Resources No. 1 Hackenbracht well, Coshocton
County, Ohio. The C 7 and C18 n-alkanes and the isoprenoids priscane
(pr) and phytane (ph} are identified.
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Peak intensity
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1 ';’ § (M) Baldwin and Baldwin Oil Company No.1 Krysik-Waketietd
3001 - Florenca Township
J Q _Erie County, Ohio
a Ohio Permit No.11
b Q Producing formation: Krysik sandstone of driller’s usage
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Figure 29. Gas chromatogram of the C.+ saturated hydrocarbon fraction of oil
sample M, Baldwin and Baldwin 0il Company No. 1 Krysik-Wakefield well,
Erie County, Ohio. The C7 through C,, n-alkanes and the isoprenoids

pristane (pr) and phytane’ (ph) are iagntified.
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Figure 30. Partial gas chromatogram (expanded scale) of the saturated
hydrocarbon fraction of oil sample M, Baldwin and Baldwin Oil Company
No. 1 Krysik-Wakefield well, Erie County, Ohio. The C,., and ClB
n-alkanes and the isoprencids pristame (pr) and phytane’ (ph) are
identified.
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Peak intensity

1 (N} Oxford Oil Company No.1 Beck
Townsend Township

S B@‘: Huron County, Ohio
] Ohio Permit No.46
1 Producing formation: Knox Dol
1 Producing interval: 3740-3758 ft
48067
300" 2
J 2 w N
280 Q i .
] 2
-1 5 . .
2 N @
1907 2 8 R -
| L
j | 1 | I I l L Ly .
a L} v T v L R ] L]
19 20 38 40

Time (min.)

Figure 31. Gas chromatogram of the C_+ saturated- hydrocarbon fraction of oil
sample N, Oxford 0il Company No. 1 Beck.well, Huron County, Ohio. The
C, through C, n-alkanes and the isoprenoids pristane (pr) and phytane
(ph) are ideatified.
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Figure 32. Partial gas chromatogram (expanded scale) of the saturated
hydrocarbon fraction of oil sample N, Oxford Oil Company No. 1 Beck
well, Huron County, Ohio. The C,, and (.‘.1 n~alkanes and the isoprenoids
pristane (pr) and phycane (ph) are ident:.gied.
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Peak intensity
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p Q {O) Industrial Natural Gas Corporation No.1 Clark
] é Harlem Township
L Delaware County, Chio
280+ Ohio Permit No.302
Producing formation: Black River and Trenton
7 Limestones
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S0 of eveporative loss during storage o
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Figure 33. Gas chromatogram of the C.+ saturated hydrocarbon fractiom of oil
sample O, Iandustrial Natural Gas Corporation No. 1 Clark well, Delaware
County, Ohio. The C.. through C n—-alkanes aad the isopreunoids
pristane (pr) and phy%ane (ph) are identified.
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Figure 34. Partial gas chromatogram (expanded scale) of the saturated
hydrocarbon fraction of oil sample O, Iadustrial Natural Gas Corporation
No. 1 Clark well, Deleware County, Ohio. The C and C,, n-alkanes and
the 1scprenoids pristane (pr) aand phytane (ph) ate idenégiied.
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Relative abundance
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Figure 37. Distribution of the Cg+ n—alkanes in oil samples F through L (Rose Run Sandstone group of oils).
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Relative abundance

Relative abundance
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Figure 38. Distribution of the C_+ n-alkanes in oil samples M and N (oils from the
South Birmingham and Collind fields).
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Figure 39. Distribution of the C9+ n-alkanes in oil sample O (oil from the Harlem field).
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Major groups of oil samples
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Eigﬁre 40, Distribution of pristane (pr)/phytane (ph) in the Ohio oils.
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Figure 41, Plot of pr/nCl7 Vs, ph/nC18 for the Ohio oils.
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Calhis Chemicals Tncorporated No. | Calhio

Chemicals Tncorporated , Perry Township,

LaKe County, Ohio Lithelogy
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Organic cavbon content aud Reck-Eval pyrelysis yields
SAMPLE # TOC Tmx HI gl Pl PC D%?};‘i WBHT Slmg/g 32!’\9/9 S3mg/g S2/53
CH5361 0.25 44B 0 280 0.0 0.0 536125 248.9 .0 ag.o Q.70 0.0
CH5363 1.19 4514 23 45 0.33 0.03 53635 71.0 0.14 .28 0.54 0.51

0
5 0.0 537071 221. ) 0.0l 0.04 0.49 0.08
0.43 0.52 o.82

N

CHS5370 0.29 422 13 168 O.
CH5371 .52 455% 28 34 0.2¢6 0.04 5371.5 32.4 0.5

Figure 42, Organic carbon content and Rock-Evel pyrolysis yields of selected core samples from the Calhio
Chemicals Incofporated No. 1 Calhio Chemicals Incorporated drill hole, Lake County, Ohio. Abbreviated
geochemical terms are defined in Appendix A. The Tmax temperature marked with an asterisk and the
underlined PI values are considered reliable indicators of thermal maturity and are plotted om figure
72. Lithologic symbols are defined in Appendix B, Number (1) is the identification number of this
drill hole used in figure 4 and table 2. -
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Floto and Associates No. 3 Troxel
Clear Creek Township, Ashland County Ohio
Ohis Permi+ No. 2382
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TR4200 0.07 - 0 342 0.0 0.0 42001 {94.2 0.0 Q.0 0.24 0.0

¥

Figure 43. Organic carbon content and Rock-Eval pyrolysis yields of a selected core sample from:the Floto
and Associates No. 3 Troxel drill hole, Ashland County, Ohia. Abbreviated geochemical terms and
lithologic symbols are defined in Appendices A and B, respectively. Number (2) is the identification
number of this drill hole used im figure 4 and table 2.
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OH5806 0.18 422 55 388 0.0 0.0 5806 247.5 0.0 0.10 0.70 0. 14
OH5810 0.19 - O 594 0.0 0.0 . 0.0 0.0 0.0

Figure 44, Organic carbon content and Rock-Eval pyrolysis yields of selected core samples from the Ohio
Fuel Gas Company No. 1 Indermuchle drill hole, Wayne County, Ohio.
and lithologic symbols are defined in Appendices A and B, respectively,
cation number of this drill hole used in figure 4 and table 2.
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Pan American Petrslevm Corporation No. | Wlndb}gler

Troy Township, Morrow County, Ohio
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Figure 43. Organic carbon content and Rock-Eval pyrolysis yields of a selected core sample from the Pan

American Petroleum Corporation No. 1 Windbigler drill hole, Morrow County, Ohio.
ical terms and lithologic symbols are defined in Appendices A and B, respectively.
jdentification number of this drill hole used in figure 4 and table 2,

Number (4) is the
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&
DAV3907 0.13 430 84 130 0.37 0.01 3907.5 248.9 0.06 o.11 0.17 0.64
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DAV 393 o.l1 0.25 0.44
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Figure 46. Organic carbon content and Rock-Eval pyrolysis yields of selected core samples from the Pan
American Petroleum Corporation No. 2 Davidson drill hole, Richland County, Ohio. Abbreviated geochem—
ical terms are defined im Appendix A. The Tmax temperature marked with an asteriak is considered a
reliable indicator of thermal maturity and is plotted on figure 72. Lithologic symbols are defined in
Appendix B. Number (5) is the identification number of this drill hole used in figure 4 and table 2.

38



(¢) : B}
Pan American Petrolevm Corporation No. | Pal mer
Tro\/ To“‘ ﬂsh‘: P > R“ Ch ‘O.'\J Co unt\f’ Oh'.o

Li-}halo’-’
. - .‘J
Ohio Permit No. 289 .Sau—-:le o ber
o 4lee =T
M TRO — T T—1
cauuaEN | € KEQTRON Dy T
3 T 1T
° ] 200 ~ 1o 2000 4000 |
4170 .JJ[__.\IL,:\#._ PAL4170
| N ]
& Ll I—' i L
3 1 rl: I
Black River F—-IT I
Limestone r —Lf [ —[
(obv) 4180 T=—T
1] l TTI
-3 T T=—T
Da.'hnq in =1 I
Rydcr — _[—-_l
Cin press ab) 0= “—PAL 4187
\ Y
Wells Creek § -
Formation (Owe) °

A
\ Obr | I

Owe 1 L1l
vu‘::z:m-'*y 4200 I
T 7
-4 & - =S Z
Knox :
Dolomite
(€or)
= ] § —
%3
%
£
.3
v
©g 4 %
[ }
4230 L !
Organic carbon content and Rock- Eval ps{r.lysis \/iQHS ==
SAMPLE # TOC Tmx HI 0or PI PC DEPTH WGHT Simgs/g S52mg/g S3mg/g 52/S3

(£4)
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Figure 47. Organic carbon content and Rock-Eval pyrolysis yields of selected core samples from the Pan
American Petroleum Corporation No. 1 Palmer drill hole, Richland County, Ohio. Abbreviated geochem—
ical terms are defined in Appendix A. The Tmax temperature marked with an asteriak is considered a
reliable indicator of thermal maturity and ia plotted on figure 72. Lithologic symbols are defined in
Appendix B. Number (6) is the identification number of this drill hole used in figure 4 and table 2.
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ASL 3060 1.72 442% 94 34 0.13 O.15 3060.5 28.7 0.24 1.63 0.62 2.42

Figure 48. Organic carbon content and Rock~Eval pyrolysis yilelds of a selected core sample from the Ashland
011 and Refining Corporation No. 2 Mosher drill hole, Morrow County, Ohio. Abbreviated geochemical
terms are defined in Appendix A. The Tmax temperature marked with an asterisk and the underlined P1
value are coansidered reliable indicators of thermal maturity and are plotted on figure 72. Lithologic
symbols are defined in Appeadix B. Number (7) is the identification aumber of this drill hole used in
figure 4. and table 2. .
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AM6375 0,28 - 3 20_0 0.0 0.0 637575 205. 4 0.0 o.0l 0.56 0.01
AME 390 0.18 - i1 200 0.0 0.0 63905 233.8 Q.0 ©.02 0.36 0.05

Figure 49, Organic carbon content and Rock-Eval pyrolysia yields of selected core samples from the Amerada
Petroleum Corporation No. l Geib drill hole, Holmes County, Ohio. Abbreviated geochemical terms and
lithologic symbols are defined in Appendices A and B, respectively. Number (8) is the identification
number of this drill hole used in figure 4 and table 2. _
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SAMPLE # TOC Tmx HI oI Pl pPc DE(z';H WGHT Simg/g S2mgq/g S3mg/g S2/S3
+

VI5968 0.08 - O 437 0.0 O.0 596815250.0 0.0 0.0 0.35 0.0

Figure 50. Organic carbon content and Rock-Eval pyrolysis ylelds of a selected core sample from the Gallsgher
No. 1 Vickers drill hole, Coshocton County, Ohic. Abbrevisted geochemical terms and lithologic symbols

are defined in Appendices A and B, respectively. Number (9) is the identificstion number of this drill
hole used in figure 4 and table 2.
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LSé6932 0.30 — 23 163 0.0 0.0 693225236.5 0.0 0.07 0.49 o. 14
Figure 51. Organic carbon content and Rock-Eval pyrolysis yields of selected core samples from the Lakeshore

Pipeline Company No. 1 Marshall drill hole, Guernsey County, Ohio.
The Tmax temperature marked with an asterisk and the underlined PI value are

defined in Appendix A.

considered reliable indicators of thermal maturity and are plotted on figure 72.
Number (10) is the identification number of this drill hole used in figure 4 "and

defined in Appendix B.
table 2,
'

Abbreviated geochemical terms are

Lithologic symbols are
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Figure 52. Orgenic carboa content and Rock-Eval pyrolysis yields of seiecced core samples from the Columbia

Gas Transmission Corporatioa No. 11125 Kittle drill hole, Morgaa Couaty, Ohio.
terms and lithologic symbols are defined in Appendices A and B, respectively.

ification number of this drill hole used in figure &4 and table 2.
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Figure 53. Organic carbon content and Rock~Eval pyrolysis yields of selected core samples from the Columbia

Gas Transmission Corporation No. 11125 Kittle drill hole, Morgsm County, Ohio.
terms are defined in Appendix A.
maturity and are plotted on figure 72.

Abbreviated geochemical

The underlined PI values are considered reliable indicators of thermal
Lithologic symbols are defimed in Appendix B.

Number (11) is

the identification number of this drill’hole used in figure 4 and table 2.
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Figure 54. Organic carbon content and Rock—-Eval pyrolysis yields of selected core samples from che Hope

Natural Gas Company No. 9634 Power Oil Company drill hole, Wood County, West Virginia.

geochemical terms are defined in Appendix A.
indicators of thermal maturity and are plotted on figure 72.

Appendix B,
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Lichologic symbols are defined in
Number (12) is the identification number of this drill hole used in figure 4 and table 2,
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Figure 55. Organic carbon content and Rock-Eval pyrolysis yields of selected core samples from cthe Hope
Natural Gas Company No. 9634 Power Oil Company drill hole, Wood County, West Virginia. Abbreviated
geochemical terms are defined in Appendix A. The underlined PI values are considered reliable
indicators of thermal maturity and are plotted on figure 72. Lithologic symbols are defined in
Appendix B. Number (12) is the identification number of thia drill hole used in figure 4 and table 2.
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Figure 56.. Organic carbon content and Rock-Eval pyrolysis yields of "a.selected core.sampie from the Hope
Natural Gas Company No. 9634 Power Oil Company drill hole, Wood County, West Virginia. Abbreviated
geochemical terms are defined in Appendix A. the underlined PI value is considered a reliable
indicator of thermal maturity and is plotted on figure 72, Lithologic symbols are defined in
Appendix B. Number (12) is the identification number of this drill hole used in figure 4 and table 2.
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geochemical terms and lithologic symbols are defined in Appendices A and B, respectively. Number
(12) is the identification number of this drill hole used in figure 4 and table 2.
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Figure 58. Organic carbon content and Rock-Eval pyrolyais yilelds of selected core samples from the Hope
Natural Gas Company No. 9634 Power Oil Company drill hole, Wood County, Weat Virginia. Abbreviated
geochemical terms are defined in Appendix A. The underlined PI value is considered a reliable
indicator of thermal maturity and is plotted on figure 72. Licthologic 'symbols are defined in ’ -
Appendix B. Number (12) is the identification number of this drill hole used in figure 4 and table 2.
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Figure 59. Organic carbon content andiRock~Eval pyrolysis yields of salected core samples from the Hope
Netural Gas Company No. 9634 Power 0il Company drill hole, Wood County, West Virginia. Abbreviated
geochemical terms and lithologic symbols are defined in Appendices A and B, raspectively. Number -
(12) is the identification number of this drill hole used in figure 4 and. table 2.
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Figure 60. Organic carbon coantent and Rock-Eval pyrolysié yields of selected core samples from the Hope

Abbreviated

Natural Gas Company No. 9634 Power 0il Company drill hole, Wood County, West Virginia.
Number

geochemical terms and lithologic symbols are defined in Appendices A and B, respectively.
(12) is the identification number of this drill hole used in figure 4 and table 2.
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Figure 61. Organic carbon content and Rock-Eval pyrolysis ylelds of selected core samples from the Hope
Natural Gas Company No. 9634 Power Oil Company drill hole, Wood County, West Virginia. Abbreviated
geochemical terms and lithologic symbols are defined in Appendices A and B, respectively. Number
(12) is the identification number of this drill hole used in figure 4 and table 2,
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Figure 62. Organic carbon conteant and Rock-Eval pyrolysis yielda of selected core samples from the Exxon
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terms and lithologic symbols are defined in Appendices A and B, respectively. Number (13Y is the
identification number of this drill hole used in figure 4 and table 2. -
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Figure 63. Organic carbon content and Rock-Eval pyrolysis yields of selected core samples from the Exxon
Company USA No. 1l McCoy and others drill hole, Jackson County, West Virginia., -Abbreviated geochemical
terms are defined in Appendix A. The underlined PI value is conaidered a reliable indicator of thermal
maturity and is plotted on figure 72. The lithologic symbols are defined in Appendix B. Number (13)
is the identification number of this drill hole used in figure 4 and table 2.
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Figure 64. Organic carbon content and Rock-Eval pyrolysis yields of selected core samples from the Exxon
Company USA No. 1 McCoy and others drill hole, Jackson County, West Virginia. Abbreviated geochemical
terms and lithologic symbols are defined in Appeundices A and B, respectively. Number (13) is the
identification number of this drill hole used in figure 4 and table 2.
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Figure 65. Organic carbon content and Rock-Eval pyrolysis yields of selected core samples from the Exxon
Company USA No. 1 McCoy and others drill hole, Jackson County, West Virginia. Abbreviated geochemical
terms and lithologic symbols are defined in Appendices A and B, respectively.” Number (13) is the
identification number of this drill hole used in figure 4 and table 2. .
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Figure 66. Organic carbon content and Rock-Eval pyrolysis yields of selacted core samples from the Columbia

Gas Transmisaion Corporation No. 9674T Mineral Tract 10 drill hole, Mingo County, West Virginia.
iated geochemical terms are defined in Appendix A.
indicators of thermal maturity and are plotted of figure 72.

Abbrev-

The underlined PI values are considered reliable
Lithologic symbols are defined in Appendix

- B. Number (14) is the identification number of this drill hole used in figure 4 and table 2. -
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Figure 67. Organic carbon content and Rock-Eval pyrolysia yields of selected rock samples from the Thorn Hill
outcrop section, Grainger County, Tennessee, Abbreviated geochemical terms and lichologic symbols are
defined in Appendices A and B, respectively, Number (15) is the identification number of this outcrop

section used in figure 4 and table 2. -
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Figure 68.. Organic carbon content and Rock-Eval pyrolysis yields of selected rock samples from the Thorn Hill
outcrop section, Grainger County, Temnessee. Abbreviated geochemical terms are defined in Appendix A,
The underlined PI value is considered a reliable indicator of thermal maturity and is plotted on figure _
72. Lithologic symbols are defined in Appendix B. Number (15) is theidentification number of this
outcrop section used in figure 4 and table 2. )
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Figure 69.

Organic carbon content and Rock-Eval pyrolysis yields of selected rock samples from the Marathon
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..lithologic symbols are defined in Appendices A and B, respectively.

Abbreviated geochemical terms and
number of this core hole used in figure 4 and table 2,

Number (16) is the identification
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Figure 70. Organic carbon content and Rock-Eval pyrolysis yields of selected rock samples from the Marathon
011 Company No. SGN-33 Kyle farm core hole, Trousdale County, Tennessea. Abbreviated geochemical terms
and lithologic symbols are defined in Appendices A and B, respectively. Number (17) is the identif-
fication. number-of this core hole used in figure 4 and table 2.
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Appendix A. Glossary of geochemical terms and abbreviations
used in the test and figures

(Tissot and Welte, 1984; Woodward and others, 1984)

S1 - Integral of the first hydrocarbon peak produced by heating a rock sample
in an inert atmosphere at about 250°C for a specified time (commonly 5
min.). The hydrocarbons evolved during this step are pre-existing

free or adsorbed volatile hydrocarbons contained in the rock.

Sz - Integral of the second hydrocarbon peak produced by heating a rock sample
in an inert atmospgere from about 250°C to 550°C at a rapid rate
(usually 25°C/min.). The hydrocarbons evolved during this step are
produced mainly from the breakdown of the kerogen in the rock. S3

provides a measure of the remaining hydrocarbon-generating capacity of

organic matter.

S3 - Integral of the third peak, from the carbon dioxide yield produced during
pyrolysis of organic matter. Very high yields (>200 mg COy/4 organic

carbon) probably indicate carbonate rock decomposition rather than CO,

from organic matter.

Tmax - Temperature at which the S peak occurs. Tmax is related in part to
the level of thermal maturity of the organic matter. The transition
from immature to mature with respect to oil generation occurs at a
Tmax between about 430 and 440°C. The transition from the oil

generation zone to the gas generation zone occurs at about 460°C.

TOC - Total organic carbon in a rock sample expressed in weight percent.
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HI (Hydrogen Index) - Sz yield from pyrolysis normalized by organic carbon
content (mg hydrocarbon/g organic carbon). The Hydrogen Index in
conjunction with the OI provides an indication of the type, or

hydrocarbon-generating capacity, of organic matter in a rock.

OI (Oxygen Index) - S3 yield (CO;) from pyrolysis of organic matter normalized by
organic carbon content (mg CO2/g organic carbon). The Oxygen Index in

conjunction with the Hydrogen Index, provides an indication of the type of

organic matter in a rock. Very high yields of CO; from carbonate rock

»

decomposition can obscure CO; from organic matter.

PI (Production Index); also known as Transformation Ratio - Ratio of volatile
hydrocarbon yield to total hydrocarbon yield in a rock sample (S1/S1 + S2).
According to Espitalig and others (1977), the oil generation zone occurs

between PI values of 0.1 and 0.4.

n-alkane - The term for the straight-chained compounds in the methane series

(Cn Hn + 2). Also known as normal paraffin.

Rock-Eval - Method of source rock characterization and evaluation that uses a

special pyrolysis device developed by Espitalié and others (1977).

PC - Pyrolytic carbon

70



APPENDIX B. Explanation of lithologic symbols used in figures 42-70

Dominant Lithologic Modifiers (used in conjunction Other
Lithology with Dominant Lithology patternm)
.e /i n
. /
Sandstone Sandy Anhydritic
(predom. quartz; ls
in several localities)
—~—~ A — O © Core
Siltstone Siley Pelletal
NN NSNS N
S - A U formit
—_ — _ A nconfo y
— — —
Shale
(edium gray Argillaceous Cherty
and/or green)
— B - —_ “ U
_—B E. ﬁ__;_ (R No sample
Shale .
(Dark gray Calcareous Fossil lag
and black)
’-"\M —e
P ’ ——
P — N —ie
Shale .
(Thin beds Dolomitic
and laminae)
I | r oo O e
. °o
B - o, o>
T Paoe
. Intraclasts
Limestone (Dolomite, limestene,
and shale)
/7,/ - - o
77— <
Dolomite . Pisolitic
A Aa
A AAA . ¢ ¢
A aa
Chert Oolitic
Aan'a’as
Stromatolitic
Stylolitic

Sediment~filled
cavity
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