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Shale, and Rose Hill Formation; and the total organic carbon values (in weight percent)
derived from the samples
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1. Total organic carbon (TOC) (in weight percent) and Rock-Eval data for Silurian
samples collected from the subsurface of New York, Ohio, Pennsylvania, and
West Virginia, sorted by location, well, and top depth

2. Total organic carbon (TOC) (in weight percent) and Rock-Eval data for Silurian
samples collected from the subsurface of New York, Ohio, Pennsylvania, and
West Virginia, sorted by approximate stratigraphic order

Conversion Factors

Multiply By To obtain

Length

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)
Volume

barrel (bbl), (petroleum, 0.1590 cubic meter (m?)

1 barrel=42 gal)
cubic foot (ft%) 0.02832 cubic meter (m?)
Mass
milligram (mg) 0.00003527 ounce avoirdupois
gram (g) 0.03527 ounce avoirdupois

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F=(1.8x°C)+32
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In Search of a Silurian Total Petroleum System in the
Appalachian Basin of New York, Ohio, Pennsylvania,

and West Virginia

By Robert T. Ryder,' Christopher S. Swezey,' Michael H. Trippi,' Erika E. Lentz,' K. Lee Avary,?
John A. Harper,? William M. Kappel,* and Ronald G. Rea®

Abstract

Oil and gas fields in Silurian carbonate and sandstone
reservoirs in the Appalachian basin probably originated from
one or more of the following source rocks: (1) Upper Ordovi-
cian Utica Shale, (2) Middle to Upper Devonian black shale,
and (3) Lower to Upper Silurian shale and carbonate units. In
this reconnaissance study, selected Silurian shale and carbon-
ate rocks in the subsurface of New York, Ohio, Pennsylvania,
and West Virginia were analyzed for total organic carbon
(TOC) content and Rock-Eval parameters to evaluate whether
or not a Silurian total petroleum system exists in the Appa-
lachian basin. A total of 308 samples were collected and
analyzed for this investigation. Dark-gray to black shale and
argillaceous carbonate intervals in the Salina Group (and
equivalent units), Cabot Head Shale, Rochester Shale, Rose
Hill Formation, Lockport Dolomite (or Group), and McKenzie
Limestone (or Member) were prioritized for sampling and
analysis.

Twenty nine of the 308 samples analyzed had TOC
values of 0.50 or greater that qualify them as a petroleum
source rock. Also, 24 of the 29 samples (with TOC values
of 0.50 or greater) had TOC values between 0.50 and less
than 1.00 weight percent. Only 5 samples in the dataset are
classified as good to very good source rocks (TOC values
of 1.00 to 3.35 weight percent). The majority (n=18) of the
29 samples of potential source rocks with a TOC value of
0.5 or greater are located in the Upper Silurian Salina Group
and equivalent Wills Creek Formation. Moreover, all of the
good to very good source rocks are located in the Salina
Group and Wills Creek Formation in southwestern Penn-
sylvania and northern West Virginia. The remainder (n=11)
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SPennsylvania Geological Survey, Pittsburgh, Pa.

*U.S. Geological Survey, Ithaca, N.Y.

*Ohio Geological Survey, Columbus, Ohio.

of the 29 potential source rocks (TOC values of 0.50 to less
than 1.00 weight percent) are located in the Lower Silurian
Cabot Head Shale (n=2), Rochester Shale (n=6), Rose Hill
Formation (n=1), and Lower to Upper Silurian Lockport Dolo-
mite (n=2). These source rocks of secondary importance are
widely distributed across eastern Ohio, western Pennsylvania,
and West Virginia.

Although the TOC analyses in this study indicate that
good to very good source rocks are present in the Salina
Group and Wills Creek Formation of southwestern Pennsylva-
nia and northern West Virginia, data are insufficient to propose
a new Silurian total petroleum system in the Appalachian
basin. However, the analytical results of this investigation are
encouraging enough to undertake more systematic studies of
the source rock potential of the Salina Group, Wills Creek
Formation, and perhaps the Tonoloway Formation (Limestone)
and McKenzie Limestone (or Member).

Introduction

Oil and gas reservoirs are present throughout much of the
Paleozoic strata of the Appalachian basin, but not all of the
petroleum source rocks have been identified and characterized.
In an overview of oil and gas plays in the basin, de Witt (1993)
indicated that the two primary petroleum source rocks are
an older sequence of Middle to Late Ordovician shales and a
younger sequence of Devonian to Early Mississippian shales.
More recently, Swezey (2002) used data compiled from “The
Atlas of Major Appalachian Gas Plays” (Roen and Walker,
1996) to propose four discrete groups of source rocks, each
clustered around one of the four major packages of siliciclas-
tic strata in the basin (Lower Cambrian, Upper Ordovician to
Lower Silurian, Middle Devonian to Lower Mississippian,
and Upper Mississippian to Pennsylvanian). Subsequently, in
the 2002 assessment of undiscovered oil and gas resources in
the Appalachian basin, the U.S. Geological Survey (USGS)
identified the following six total petroleum systems (TPS),
which are named according their respective source rocks and
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associated reservoir intervals (Milici and others, 2003): (1) the
Conasauga-Rome/Conasauga TPS; (2) the Sevier-Knox/Tren-
ton TPS; (3) the Utica-Lower Paleozoic TPS; (4) the Devonian
Shale-Middle and Upper Paleozoic TPS; (5) the Carboniferous
Coal-bed Gas TPS; and (6) the Pottsville Coal-bed Gas TPS.

In the 2002 USGS oil and gas assessment of the
Appalachian basin, most of the oil and gas in Silurian sand-
stone and carbonate reservoirs (fig. 1) were assigned to the
Utica-Lower Paleozoic TPS (Milici and others, 2003). How-
ever, most of the oil and gas in Silurian reservoirs have yet to
be correlated conclusively with specific source rocks.

At least three different potential source rocks have
been proposed for oil and gas in the Silurian reservoirs. The
Upper Ordovician Utica Shale (fig. 2) is the most commonly
proposed source rock for oil and gas fields in Silurian reser-
voirs. Most oil and gas fields in Silurian reservoirs in eastern
Ohio, western Pennsylvania, western New York, and West
Virginia are underlain by the Utica Shale, which is mature
with respect to oil and gas generation. Moreover, the Utica
Shale consistently has total organic carbon (TOC) values of
approximately 1.5 to 4.0 weight percent (Jenden and oth-
ers, 1993; Drozd and Cole, 1994; Patchen, 1996; Ryder and
others, 1998). A second group of potential source rocks is the
Middle and Upper Devonian black shale units (fig. 2), which
overlie many of the Silurian reservoirs (Cole and others,
1987; Ryder, 1995; Patchen, 1996). In eastern Kentucky, for
example, Upper Devonian shales rest unconformably on many
of the Silurian reservoirs (Ray, 1971), and TOC values for the
Upper Devonian Ohio Shale in eastern Kentucky range from
approximately 3.0 to 6.2 weight percent (Curtis and Faure,
1997). Finally, Silurian shale and carbonate units constitute a
third group of potential source rocks for the Silurian reservoirs
(Knight, 1969; de Witt, 1993; Jenden and others, 1993; Van
Tyne, 1996). Unfortunately, very few of these Silurian shale
and carbonate units have been analyzed by organic geochemi-
cal techniques to determine if they have the appropriate char-
acteristics of petroleum source rocks. An organic geochemistry
dataset that was published by Cole and others (1987) reported
TOC analyses of 436 Silurian to Middle Devonian rock
samples in Ohio. However, only 32 of the samples had suf-
ficient organic matter (TOC greater than or equal to 0.5 weight
percent) to qualify as source rocks, and only 4 of these 32
samples had TOC values greater than 1.0 weight percent.

Despite the paucity of data from the U.S. portion of the
Appalachian basin, viable Silurian source rocks have been
identified in the Canadian portion of the Appalachian basin
and in both the Canadian and U.S. portions of the adjacent
Michigan basin. For example, Powell and others (1984) identi-
fied the Upper Silurian Eramosa Formation of the Lockport
Group as a source rock for oil in the overlying Upper Silurian
Guelph Formation in Ontario (which is in both the Appala-
chian and Michigan basins). The Eramosa Dolomite extends
about 25 miles (mi) into western New York, where it contains
bitumen and emits a petroliferous odor (Zenger, 1965; Yager,
2000). In the Michigan basin (both the U.S. and Canadian

portions), various studies have identified the Upper Silu-

rian Niagara Group (including the Guelph Formation of the
Niagara Group) and the Upper Silurian Salina Group as source
rocks for oil and gas in the Niagara Group and Salina Group
(Rullkétter and others, 1986; Obermajer and others, 2000;
Hatch and others, 2004).

This report provides an evaluation of the source-rock
potential of Silurian strata in the U.S. portion of the Appalachian
basin, using new TOC and Rock-Eval data. The study area
consists of all or parts of Kentucky, New York, Ohio, Penn-
sylvania, and West Virginia (fig. 1). The stratigraphic intervals
that were sampled for this study are as follows: (1) the Lower
Silurian Cabot Head Shale, Castanea Member of the Tusca-
rora Formation, carbonates and shales (undivided), Rochester
Shale, and Rose Hill Formation; (2) the Lower and Upper
Silurian McKenzie Limestone (or Member), Lockport Dolo-
mite, and Upper Silurian Eramosa Dolomite of the Lockport
Group; and (3) the Upper Silurian Wills Creek Formation,
Tonoloway Limestone (or Formation), Salina Group, Keyser
Formation (or Limestone), and Bass Islands Dolomite (fig. 2).
These Silurian stratigraphic intervals were chosen because
they are cited in previous publications as potential source
rocks, they are easily identified and relatively continuous
across the basin, and they contain beds of dark-gray to black
shale and (or) black argillaceous limestone and dolomite.

Methods

Specifically for this study, 308 samples were collected
and analyzed. Of the 308 samples, 302 were collected from
drill-hole cuttings and 6 were collected from cores. As shown
in figure 3, these 308 samples are distributed across western
New York (n=4), central and eastern Ohio (n=107), central
and western Pennsylvania (n=102), and West Virginia (n=95).
Commonly, more than one sample was collected per well, so
that the 308 samples are distributed among 128 wells (fig. 3).

Most samples for this study were collected from drill
cuttings and cores in the repository holdings of the State
geological surveys of Ohio, Pennsylvania, and West Virginia.
In addition, several core samples from western New York were
collected from a USGS storage facility in Ithaca, N.Y.

Dark-gray to black shale and argillaceous carbonate inter-
vals were given the highest priority for sampling. Where pos-
sible, specific stratigraphic units (for example, the Cabot Head
Shale) were sampled over intervals that ranged from about
30 to 50 feet (ft). About 58 of the samples (mostly from West
Virginia) were composites of several units representing from
about 100 ft to several hundred feet of stratigraphic section
(for example, the Wills Creek Formation and Tonoloway
Limestone). For these composite samples, we judged which
stratigraphic unit was best represented by a given analysis
(see Notes column on table 1). Most samples averaged about
50 grams (g) in weight.
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All samples were shipped to the USGS in Reston, Va.,
where they were organized, visually inspected, and culled.
As part of the inspection process, the samples were compared
with lithologic logs constructed by the Geological Sample
Log Company (Mount Lebanon, Pa.). Humble Geochemical
Services (Humble, Tex.) processed and analyzed the samples
for TOC (using LECO instrumentation) and Rock-Eval data
(tables 1, 2).

Distribution of Qil and Gas Fields in
Silurian Reservoirs and Their Possible
Source Rocks

Lower Silurian Regional Qil and Gas
Accumulation

The dominant oil and gas fields present in Silurian res-
ervoirs are located in the Lower Silurian regional oil and gas
accumulation that extends across eastern Ohio, northwestern
Pennsylvania, and western New York (McCormac and oth-
ers, 1996; Ryder and Zagorski, 2003). The major reservoirs
consist of the “Clinton”® and Medina sandstones in Ohio
and the Medina Group sandstones in Pennsylvania and New
York (figs. 1, 2). Ryder and Zagorski (2003) estimated that
approximately 8.7 trillion cubic feet (ft*) of natural gas and
400 million barrels of oil have been produced from the “Clin-
ton” sandstone, Medina sandstone, and Medina Group reser-
voirs. Furthermore, Milici and others (2003) considered the
“Clinton” sandstone, Medina sandstone, and Medina Group
petroleum resource to be a continuous-type accumulation that
contains a mean of 24 trillion ft® of recoverable undiscovered
natural gas.

The Lower Silurian Tuscarora Sandstone, an eastern
equivalent of the “Clinton” and Medina sandstones of Ohio
and the Medina Group of Pennsylvania and New York, is
the reservoir for several gas fields in Pennsylvania and West
Virginia (figs. 1, 2). Examples of such gas fields include the
Devils Elbow field in central Pennsylvania and the Leadmine
and Indian Creek fields in West Virginia (fig. 1), both of which
are characterized by gas that has a low calorific value (Brit-
ish thermal units, Btu) and a large percentage of nitrogen or
carbon dioxide (Avary, 1996).

¢ The “Clinton” sandstone in Ohio was miscorrelated by early drillers with
strata in the type Clinton Group of New York, when in fact it is equivalent to
the underlying Medina Group of New York. Although this miscorrelation has
caused confusion in nomenclature, the term continues to be widely used in the
literature and by the oil and gas industry. Early drillers correctly identified the
informal Medina sandstone in Ohio as a partial equivalent of the type Medina
Group of New York.
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The most probable source rock for the oil and gas in the
Lower Silurian regional accumulation and the Tuscarora Sand-
stone is the Utica Shale (Drozd and Cole, 1994; Ryder and
others, 1998). Devonian black shale source rocks may have
contributed some oil and gas to the “Clinton” and Medina
sandstone reservoirs (Cole and others, 1987), but widespread
evaporite units in the Salina Group probably minimized large-
scale mixing of petroleum derived from Ordovician and Devo-
nian rocks (Drozd and Cole, 1994). Lower Silurian shales
(Cabot Head Shale and Rochester Shale) were suggested by
Knight (1969) and de Witt (1993) as possible source rocks for
the oil and gas in “Clinton” and Medina sandstones reservoirs.

“Newburg Zone” and Newburg Sandstone

Small gas fields in the Lower and Upper Silurian
Lockport Dolomite (or Group) are distributed across east-
central Ohio, northwestern Pennsylvania, and western New
York (figs. 1, 2). In Ohio, the reservoir interval is called the
“Newburg zone” where bioherms with thin zones of vuggy
dolomite are present (Santini and Coogan, 1983; Noger and
others, 1996). In west-central West Virginia, several medium-
sized gas fields occur in the informally named Upper Silurian
Newburg sandstone, a thin sandstone unit located between
the Wills Creek Formation and the McKenzie Limestone
(Patchen, 1996) (figs. 1, 2).

The oil and gas in the Lockport Dolomite (or Group) of
Ohio, Pennsylvania, and New York were derived either from
the Utica Shale or from presently unrecognized Silurian source
rocks associated with the biohermal buildups. Patchen (1996)
suggested that the most likely source of the natural gas in the
Newburg sandstone is Ordovician or Devonian black shale.

Bass Islands Trend Fields

In westernmost New York and adjoining northwestern
Pennsylvania, oil and gas is produced from small fields in the
Upper Silurian Akron Dolomite (equivalent to the Bass Islands
Dolomite), Salina Group, and several overlying Lower and
Middle Devonian reservoirs (figs. 1, 2). This narrow, north-
east-trending zone of thrust-fault-controlled oil and gas fields
is known commonly as the Bass Islands trend (Van Tyne,
1996). Devonian black shale (probably the Middle Devonian
Marcellus Shale) is the most likely source rock for the oil
and gas in the Bass Islands trend (Jenden and others, 1993)
because this black shale is located within several hundred feet
above the reservoir units and, in some places, is juxtaposed
against several of the reservoirs by thrust faults. However, Van
Tyne (1996) favored a Silurian source rock (Akron Dolomite
or Salina Group) based on unpublished data provided by
R.W. Beardsley (Columbia Gas, oral commun., 1984). Jenden
and others (1993) also mentioned the possibility of a Salina
Group source rock.
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“Corniferous” Carbonate Formations and Keefer
Sandstone (Big Six Sandstone)

Numerous small to medium oil and gas fields occur in
Silurian reservoirs in eastern Kentucky (fig. 1), where the
reservoirs consist primarily of the Lower Silurian Keefer
Sandstone (also known as the informal Big Six sandstone)
and the Silurian to Middle Devonian “Corniferous” carbon-
ate formations interval (Lockport Dolomite, Salina Group,
Helderberg Limestone, Oriskany Sandstone, and Onondaga
Limestone) (Meglen and Noger, 1996; Noger and others,
1996) (fig. 2). As stated in the introduction, oil and gas in Silu-
rian sandstone and carbonate reservoirs in eastern Kentucky
very likely were derived from the Upper Devonian Ohio Shale
(Ray, 1971).

Results of Analyses

Total Organic Carbon (TOC) Analysis

Using criteria established by Peters and Cassa (1994),
the majority of the 308 samples (n=279) had TOC values of
approximately 0.20 to less than 0.50 weight percent that were
too low to qualify them as source rocks (figs. 4, 5). About
9 percent of the samples (n=29) had TOC values of 0.50 weight
percent or greater that were large enough to qualify them as
source rocks, and of these 29 samples, 24 had TOC values less
than the 1 weight percent lower limit generally required for
an effective petroleum source rock (Tissot and Welte, 1984;
Peters and Moldowan, 1993) (figs. 4, 5). Only 5 samples in the
dataset are classified as good to very good source rocks (TOC
is 1.00 to 3.35 weight percent) (figs. 4, 5).

None of the 116 samples collected and analyzed from the
Cabot Head Shale (n=57), Rochester Shale (n=48), Rose Hill
Formation (n=9), undivided Lower Silurian carbonates and
shales (n=1), and Castanea Member of the Tuscarora Forma-
tion (n=1) had TOC values of 1.00 weight percent or greater
(figs. 5, 6). Of the 9 samples that are characterized as source
rocks, all are classified as fair source rocks with TOC values
ranging from 0.50 to 0.68 weight percent. Two samples of the
fair source rocks were from the Cabot Head Shale (Harrison
and Noble Counties, Ohio), 6 samples were from the Roches-
ter Shale (Tuscarawas County, Ohio; Beaver, Clarion, Mercer,
and Warren Counties, Pa.), and 1 sample was from the Rose
Hill Formation (Wayne County, W. Va.) (figs. 4, 6; tables 1, 2).

Of the 29 samples collected and analyzed from the
McKenzie Limestone (or Member) (n=17), Lockport Dolo-
mite (n=8), and Eramosa Dolomite of the Lockport Group
(n=4), 2 had TOC values greater than 0.5 weight percent (figs.
5, 7). Both of these samples are from the Lockport Dolomite
(Mercer and Venango Counties, Pa.) and both are catagorized
as fair source rocks (TOC is 0.62 weight percent) (figs. 4, 7;
tables 1, 2). Somewhat surprising were the low TOC values

(0.22 to 0.34 weight percent) for the Eramosa Dolomite in
Niagara County, N.Y.

The highest TOC values in the study were measured in
the 163 samples collected from the Salina Group (n=119) and
the correlative Wills Creek Formation (n=26) and Tonolo-
way Limestone (or Formation) (n=12). Other samples in this
group were taken from the Upper Silurian to Lower Devonian
Keyser Limestone (or Formation) and Upper Silurian Bass
Islands Dolomite (n=6). In about 25 percent of the wells, the
samples from the Salina-Wills Creek-Tonoloway interval are
composite samples that overlap one another or overlap units
such as the McKenzie Limestone (or Member), Bass Islands
Dolomite, and Keyser Limestone (or Formation). Of the 18
samples that are characterized as source rocks, 13 are in the
fair source-rocks category with TOC values ranging from
0.50 to 0.98 weight percent. Five samples in the fair source-
rocks category were from Pennsylvania (Clarion, Elk, Forest,
and Somerset Counties), whereas 8 samples in the fair source-
rocks category were from West Virginia (Clay, Hancock,
Kanawha, Mercer, Monongalia, Pocahontas, and Preston
Counties) (figs. 4, 8; tables 1, 2).

Five of the 18 samples in the Salina-Wills Creek-Tonoloway
interval are characterized as good (TOC is 1.00 to 1.99 weight
percent) to very good (TOC is 2.00 to 3.99 weight percent)
source rocks. The good source rocks are located in the
No. A—1 May well in Monongalia County, W. Va. (TOC is
1.04 weight percent) and the No 1. Minesinger well in Hancock
County, W. Va. (TOC is 1.19 weight percent), whereas the
very good source rocks are located in the No. 1 J.S. Walker
well in Butler County, Pa. (TOC is 2.78 weight percent) and
in the No. 1-A Walls well in Preston County, W. Va. (TOC is
3.0 and 3.35 weight percent) (figs. 4, 8; tables 1, 2).

The good source rock in the No. A—1 May well (TOC
is 1.04 weight percent) is present in a 500-ft-thick interval
that consists of the lower part of the Wills Creek Formation
(300 ft), the Newburg sandstone (50 ft), and the upper part of
the McKenzie Limestone (150 ft). Based on a lithologic log
described by the Geological Sample Log Company (Mount
Lebanon, Pa.) from the No. 1 A—1 May well that was sampled
in this study, the lower part of the Wills Creek Formation
consists of interbedded medium-dark-gray dolomite (some
slightly anhydritic), greenish-gray shale, dark-gray to black
shale, and brown to black limestone. Approximately 65 net
ft of black shale are present in the Wills Creek part of the
sample. According to the lithologic log described by the
Geological Sample Log Company from the No. A-1 May
well, the McKenzie Limestone contains dark-gray to black
shale (about 50 net ft) interbedded with brown to black lime-
stone. The unsampled lower 100 ft of the McKenzie Lime-
stone contains an additional 50 net ft of black shale. As noted
in table 1, the Wills Creek Formation probably yielded the
measured TOC value.

The good source rock identified in the No. 1 Minesinger
well (TOC is 1.19 weight percent) is located in a 130-ft-
thick interval in the upper part of the Salina Group. Based
on a lithologic log by the Geological Sample Log Company,
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this source rock consists of interbedded anhydritic dolo-

mite, anhydrite, and dark-gray to black shale. This lithologic
assemblage extends downhole for at least another 165 ft in the
Salina Group, over which interval a TOC value of 0.93 weight
percent was recorded. Approximately 60 net ft of black shale
is present in the sampled 295-ft-thick interval. Because the
upper part of the Salina Group in the No. 1 Minesinger well is
located almost 600 ft below the Middle Devonian Marcellus
Shale, the analyzed sample was unlikely to be contaminated
by black shale from the Marcellus that caved downhole.

In the No. 1 J.S. Walker well, the very good source rock
(TOC is 2.78 weight percent) is located in a 150-ft-thick
interval in the upper part of the Salina Group (Camillus Shale)
that consists of interbedded medium- to dark-brown dolomite,
dark-grayish-brown limestone, anhydritic dolomite, and dark-
brownish-gray shale, according to a lithologic log described
by the Geological Sample Log Company. The shale in this
interval consists of thin, discontinuous laminations in the
dolomite and limestone, and thus is difficult to characterize in
net feet. Because the upper part of the Salina Group in the No.
1 J.S. Walker well is located about 450 ft below the Middle
Devonian Marcellus Shale, the analyzed sample was unlikely
to be contaminated by black shale from the Marcellus that
caved downhole.

Two sampled intervals in the No. 1-A Walls well are
identified as having very good source rocks. The 520-ft-thick
lower interval (TOC is 3.0 weight percent) consists largely of
the Wills Creek Formation (400 ft) with interbedded medium-
to dark-gray dolomite, anhydritic dolomite, local anhydrite,
medium- to dark-gray limestone, and gray to black shale (Geo-
logical Sample Log Company, Mount Lebanon, Pa.). Approxi-
mately 60 net ft of gray to black shale is present in the Wills
Creek Formation part of the 520-ft-thick interval. The lower
120 ft of the 520-ft-thick interval consists of the Newburg
sandstone (30 ft) and the uppermost 90 ft of the McKenzie
Limestone. In this interval, the McKenzie Limestone con-
sists of interbedded light-gray to brownish-gray, fossiliferous
limestone and gray to black shale. The McKenzie Limestone
contains approximately 15 net ft of gray to black shale. The
upper source rock interval (TOC is 3.35 weight percent) in
the No. 1-A Walls is 200 ft thick, rests directly on the lower
unit, and consists of the uppermost part of the Wills Creek
Formation (40 ft) and lowermost part of the Salina Group
(160 ft). Both units have a lithology that is characterized by
interbedded medium- to dark-gray dolomite, anhydrite, and
black shale. This 200-ft-thick interval contains about 20 net ft
of black shale. As noted in table 1, the Wills Creek Formation
probably yielded the measured TOC values of 3.0 and 3.35
weight percent.

Another sampled interval in the lower part of the
Salina Group in the No. 1-A Walls well had a TOC value
(0.98 weight percent) that qualifies the sample as a source
rock. This sample interval is 190 ft thick and is located 50 ft
above the previously described upper-source-rock interval.
The lithology of the 190-ft-thick Salina Group interval con-
sists of interbedded medium- to dark-gray dolomite, anhydrite,

In Search of a Silurian Total Petroleum System in the Appalachian Basin 5

and black shale. The black shale constitutes about 25 net ft
of the interval. The TOC value (0.98 weight percent) of this
interval and the TOC values of 3.0 and 3.35 weight percent
from the underlying intervals demonstrate the overall source-
rock potential of the lower part of the Salina Group and the
underlying Wills Creek Formation in the No. 1-A Walls well.
Because the interval that includes the lower Salina Group and
Wills Creek Formation in the No. 1-A Walls well is located
about 1,200 ft below the Middle Devonian Marcellus Shale
(TOC is 1.43 weight percent; Repetski and others, 2008), the
analyzed samples were unlikely to have been contaminated by
black shale from the Marcellus that caved downhole.

Rock-Eval Analysis

Rock-Eval analyses of the 308 samples provided addi-
tional data that may be useful for characterizing Silurian
source rocks. The first and second hydrocarbon peaks (S, and
S,, respectively) generated by Rock-Eval analysis (values
are in milligrams of hydrocarbon per gram of sample, or mg
HC/g sample) suggest that several samples in the dataset either
have generated petroleum or have the potential to gener-
ate petroleum. Overall, the S, values (0.66-2.32 mg HC/g
sample, with an average of 1.41) and S, values (0.86-10.08
mg HC/g sample, with an average of 4.88) are highest for the
5 samples identified as good to very good source rocks (based
on TOC values) in the Salina-Wills Creek interval (tables 1,
2). The S, and S, values for the 13 samples identified as fair
source rocks (based on TOC values) in the Salina-Wills Creek
interval range from 0.11 to 1.81 (with an average of 0.52) to
0.23 to 2.28 (with an average of 0.83), respectively (tables 1,
2). Relatively high S, and S, values were measured in a single
sample of the Rochester Shale (TOC is 0.59 weight percent,
S, is 3.96 mg HC/g sample, S, is 1.17 mg HC/g sample) and
2 samples of the Lockport Dolomite (TOC is 0.62 weight per-
cent, S, is 1.11 to 3.72 mg HC/g sample, S, is 0.80 to 1.00 mg
HC/g sample) (tables 1, 2), but these values may be influenced
by petroleum contamination from the “Clinton” sandstone
and Medina Group sandstones that underlie the samples by
about 100 to 200 ft. Relatively high S, and S, values in 1
sample of the Keyser Formation (TOC is 0.20 weight per-
cent, S, is 4.34 mg HC/g sample, S, is 1.30 mg HC/g sample)
(tables 1, 2) and in 2 samples of the McKenzie Limestone (or
Member) (TOC is 0.28 to 0.36 weight percent, S, is 0.63 to
0.99 mg HC/g sample, S, is 0.56 to 1.81 mg HC/g sample)
(tables 1, 2) cannot be readily explained.

Hydrogen indexes (HI) (expressed as milligrams of
hydrocarbon per gram of organic carbon, or mgHC/g org C)
for the 308 samples are relatively low. Of the 308 samples,
274 (about 90 percent) have HIs of 199 mg HC/g org C or
less and another 27 samples have HIs of 200 to 299 mg HC/g
org C (tables 1, 2). Seven samples have HIs of 300 or greater,
but less than or equal to 635, and only 2 of these samples
are identified as good to very good source rocks. Also, only
8 HI values in the dataset are associated with TOC values
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ranging from 0.9 to 1.0 weight percent, maximum tempera-
tures (T ) ranging from 400°C to 450°C, and S, values
ranging from 0.4 to 0.5 or greater (tables 1, 2), which are the
generally accepted combination of parameters required for
reliable HI values.

About 85 percent of the samples (n=263) have T, val-
ues that are considered to be unreliable by the analyst, Humble
Geochemical Services (tables 1, 2). In general, T, _values are
considered unreliable when the S, values are less than about
0.4 to 0.5 mg HC/g sample and when a sharp, well-defined S,
peak is absent. Of the 45 reliable samples, only about 7 sam-
pleshave T values (T for oil window is approximately
435°Ct0 459°C; T, for gas window is approximately 460°C
or greater) that are consistent with the distribution of Silurian
oil and gas fields shown on figure 1. Such a low reliability
ofthe T values is another indication of the generally poor
(lean) source-rock quality characterized by the dataset.

Conclusions and Further Studies

In this study, the only identified Silurian source rocks
of possible importance for generating significant amounts of
hydrocarbons are the Salina Group and the correlative Wills
Creek Formation (and possibly the Tonoloway Limestone).
Silurian source rocks of secondary importance are the Lock-
port Dolomite and the correlative McKenzie Limestone (or
Member). Silurian strata with the best source-rock character-
istics are concentrated in northern West Virginia and western
Pennsylvania within or near the Salina-Tonoloway depocenter
that Smosna and others (1977) identified (also see figure 8§ for
the distribution of Salina Group halite). Silurian reservoirs
that may have been charged by Salina-Will Creek-Tonoloway
source rocks are the Newburg sandstone, “Newburg zone” in
the Lockport Dolomite, and Keefer Sandstone; however, areas
where these reservoirs currently produce petroleum do not
coincide with areas that seem to have the best Silurian source
rocks (figs. 1, 8).

We cannot propose a Silurian total petroleum system
based on the results of this study. Such a proposal would have
to be supported by additional geologic, geochemical, and
petroleum production studies. First, several bitumen extracts
would have to be taken from the current dataset and analyzed
by gas chromatography to establish the geochemical charac-
ter of oil generated from the Salina Group and its equivalent
units. Several samples in the Salina-Wills Creek-Tonoloway
interval have S, values of greater than or equal to 1.0 and
seem to have sufficient bitumen for extraction (tables 1, 2).
Oil-source rock correlations could be made between these
extracts and oils collected from Silurian reservoirs in nearby
parts of the Appalachian basin. Also, natural gas would have
to be collected and analyzed for selected isotope distributions,
although a gas-source rock correlation is more difficult to
establish. Secondly, additional regional stratigraphic studies
would be needed to improve understanding of the distribution
and thickness of black shale- and carbonate-bearing facies

in the Salina Group and equivalent units. The study would
have to concentrate on western and central New York, eastern
Ohio, western and central Pennsylvania, and northern and
central West Virginia. The Lockport Dolomite (or Group)

and equivalent McKenzie Limestone (or Member) also could
be included in these regional stratigraphic studies. In addi-
tion, a map of oil and gas fields (including shows) in Silurian
reservoirs to accompany any resulting facies distribution maps
would be useful. Once an updated stratigraphic framework
has been established for the Salina Group and its equivalent
strata, additional subsurface samples would be collected and
analyzed for their TOC and Rock-Eval characteristics. Most of
these new subsurface samples would be collected from wells
in New York and from wells in Ohio, Pennsylvania, and West
Virginia that were not included in this reconnaissance inves-
tigation; however, in wells where good to very good source
rocks seem to be present, samples would be reanalyzed and
(or) recollected and analyzed to establish reproducibility. All
new samples would be collected from specific stratigraphic
units, preferably at intervals of 30 to 50 ft or less.
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