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Conversion Factors

Multiply By To obtain

Length

foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)

Area

acre 4,047 square meter (m2)
square mile (mi2)  2.590 square kilometer (km2) 

Volume

barrel (bbl), (petroleum, 
1 barrel=42 gal)

0.1590 cubic meter (m3) 

cubic foot (ft3) 0.02832 cubic meter (m3) 
Pressure

pound per square inch (lb/in2) 
(psi)

6.895 kilopascal (kPa) 

Permeability

millidarcy (mD) 9.86923×10–16 square meter (m2)

The pressure gradient in a well commonly is derived by dividing the pressure (in pounds per 
square inch, or psi) at a given stratigraphic interval by the depth of the interval (in feet, or ft). 
The calculated or measured pressure gradient can be compared with a hydrostatic (or normal) 
gradient of 0.43–0.45 psi/ft (9.7–10.1 kilopascals per meter, or kPa/m). A pressure of greater 
than 0.45 psi/ft (10.1 kPa/m) is referred to as overpressured, whereas a pressure of less than 
0.45 psi/ft (10.1 kPa/m) is referred to as underpressured.

Letter Symbols for Units of Measure
BBOE	 billion barrels of oil equivalent

BCFG	 billion cubic feet of gas

CFG	 cubic feet of gas

MMBNGL	 million barrels of natural gas liquids

MMBO	 million barrels of oil

MMCFG	 million cubic feet of gas

TCFG	 trillion cubic feet of gas
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Abstract
The Utica-Lower Paleozoic Total Petroleum System 

(TPS) in the Appalachian Basin Province is named for the 
Upper Ordovician Utica Shale, which is the source rock, and 
for multiple lower Paleozoic sandstone and carbonate units 
that are the important reservoirs. The total organic carbon 
(TOC) values for the Utica Shale are usually greater than 1 
weight percent. TOC values ranging from 2 to 3 weight 
percent outline a broad, northeast-trending area that extends 
across western and southern Pennsylvania, eastern Ohio, 
northern West Virginia, and southeastern New York. The Utica 
Shale is characterized by type II kerogen, which is a variety of 
kerogen that is typically prone to oil generation. Conondont 
color-alteration index (CAI) isograds, which are based on 
samples from the Upper Ordovician Trenton Limestone (or 
Group), indicate that a pod of mature Utica Shale source rocks 
occupies most of the TPS.

The following strata (in ascending stratigraphic order) 
are the most important reservoir rocks for oil and gas in the 
Utica-Lower Paleozoic TPS: (1) the Upper Cambrian Copper 
Ridge dolomite in Ohio; (2) the Upper Cambrian Rose Run 
sandstone in Ohio; (3) the Upper Ordovician Black River 
Limestone (or Group) and Trenton Limestone in New York, 
West Virginia, and Ohio; (4) the Lower Silurian “Clinton” 
sandstone, Medina sandstone, Medina Group sandstones, and 
Tuscarora Sandstone in Ohio, Pennsylvania, New York, and 
West Virginia; and (5) the Lower and Upper Silurian Lockport 
Dolomite (also known as the Newburg zone) in Ohio. Strata 
containing oil and gas reservoirs of secondary importance are 
sandstone reservoirs in the Upper Ordovician Queenston Shale 
in New York, the Upper Ordovician Bald Eagle Sandstone in 
Pennsylvania, and the Upper Silurian Williamsport Sandstone 
(also known as the Newburg sandstone) in West Virginia. The 
Upper Ordovician Utica Shale may be an important gas and 
oil(?) reservoir in the future. In about 2011, after this report 
was written, commercial natural gas and oil was discovered in 
the Utica Shale in eastern Ohio.

Both conventional oil and gas resources and continu-
ous (unconventional) gas resources are present in the Utica-
Lower Paleozoic TPS. Conventional oil and gas resources 

in the Utica-Lower Paleozoic TPS were assessed by the 
U.S. Geological Survey (USGS) in 2002 in the following 
assessment units (AU): (1) the Lower Paleozoic Carbonates 
in Thrust Belt AU, (2) the Knox Unconformity AU, (3) the 
Black River-Trenton Hydrothermal Dolomite AU, and (4) the 
Lockport Dolomite AU. The total estimated undiscovered oil 
and gas resources for these four AUs, at a mean value, was 
about 46 million barrels of oil (MMBO) and about 3 trillion 
cubic feet of gas (TCFG), respectively. In contrast, continuous 
(unconventional) gas resources in the TPS were assessed by 
the USGS in 2002 in four AUs associated with the “Clinton” 
sandstone, Medina sandstone, Medina Group sandstones, 
Tuscarora Sandstone, and sandstones in the Queenston Shale. 
The total estimated undiscovered gas for these four AUs, at a 
mean value, was about 26.8 TCFG. A hypothetical Utica Shale 
AU for oil(?) and continuous gas is identified in this report. 
In 2012, the Utica Shale was recognized by the USGS as a 
continuous AU and was assessed by Kirschbaum and others 
(2012).

Introduction
The Utica-Lower Paleozoic Total Petroleum System 

(TPS) is an important TPS identified in the 2002 U.S. Geologi-
cal Survey (USGS) assessment of undiscovered, technically 
recoverable oil and gas resources in the Appalachian Basin 
Province (Milici and others, 2003). The TPS is named for the 
Upper Ordovician Utica Shale, which is the primary source 
rock, and for multiple lower Paleozoic sandstone and carbonate 
units that are the important reservoirs (fig. 1). Upper Cambrian 
through Upper Silurian petroleum-bearing strata that constitute 
the Utica-Lower Paleozoic TPS thicken eastward from about 
2,700 feet (ft) at the western margin of the Appalachian basin 
to about 12,000 ft at the thrust-faulted eastern margin of the 
Appalachian basin (in the Valley and Ridge province) (fig. 2). 
The Utica-Lower Paleozoic TPS covers approximately 170,000 
square miles (mi2) of the Appalachian basin from northeast-
ern Tennessee to central New York and from western Ohio to 
eastern West Virginia (figs. 2, 3). The boundary of the TPS is 
defined by the following geologic features: (1) the northern 
boundary (from central Ontario to southeastern New York) 
extends along the outcrop limit of the Utica Shale or Trenton 
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Limestone; (2) the northeastern boundary (from southeast-
ern New York, through southeastern Pennsylvania, western 
Maryland, easternmost West Virginia, and northern Virginia) 
extends along the eastern limit of the Utica Shale or Trenton 
Limestone in the thrust-faulted eastern margin of the Appala-
chian basin; (3) the southeastern boundary (from west-central 
and southwestern Virginia to eastern Tennessee) extends along 
the eastern limit of the Trenton Limestone in the thrust-faulted 
eastern margin of the Appalachian basin; (4) the southwestern 
boundary (from eastern Tennessee, through eastern Kentucky, 
to southwestern Ohio) extends along the approximate facies 
change from the Trenton Limestone with thin black shale inter-
beds (on the east) to the equivalent Lexington Limestone with-
out black shale interbeds (on the west); (5) the western part 
of the boundary in southwestern Ohio to the Indiana border 
extends along an arbitrary boundary between the Utica Shale 
of the Appalachian basin and the Utica Shale of the Sebree 
trough (Kolata and others, 2001); and (6) the northwestern 
boundary (from east-central Indiana, through northwestern-
most Ohio and southeasternmost Michigan, to central Ontario, 
Canada) extends along the approximate southeastern boundary 
of the Michigan Basin (fig. 3).

Although the Utica-Lower Paleozoic TPS extends into 
northwestern Ohio, southeastern Michigan, and east-central 
Indiana (fig. 3), these areas have been assigned to the Michi-
gan Basin (Swezey and others, 2005) and are outside the scope 
of this report. Furthermore, although the northern part of the 
Utica-Lower Paleozoic TPS extends across the Great Lakes 
(Lake Erie and Lake Ontario) into southern Ontario, Canada 
(fig. 3), only the undiscovered oil and gas resources beneath 
the U.S. waters of the Great Lakes have been included in the 
USGS assessment of the Utica-Lower Paleozoic TPS.

The Utica-Lower Paleozoic TPS is similar to the Point 
Pleasant-Brassfield(!) petroleum system identified by Drozd 
and Cole (1994) in the Ohio part of the Appalachian basin 
except for differences in stratigraphic nomenclature assigned 
to the same source rock-reservoir rock pairs. For example, 
Drozd and Cole (1994) assigned the term “Point Pleasant 
Formation” (Findlay arch and Cincinnati arch nomenclature) 
to the Ordovician black shale source rock, whereas this report 
assigns the term “Utica Shale” (Appalachian basin nomen-
clature) to the same rocks. Furthermore, Drozd and Cole 
(1994) assigned the term “Brassfield Formation” (equiva-
lent to the “Clinton” sandstone) to the major reservoir unit, 
whereas this report assigns the more inclusive term “lower 
Paleozoic” to the reservoir unit. In addition to the Brassfield 
Formation, Drozd and Cole (1994) also included the Knox 
Dolomite and Lockport Group as important reservoirs in the 
Point Pleasant-Brassfield(!) petroleum system. Therefore, 
except for the Black River and Trenton Limestone reservoir 
(which is excluded), the Point Pleasant-Brassfield(!) petroleum 
system includes the same major reservoirs as the Utica-Lower 
Paleozoic TPS. Another difference between the petroleum 
systems is that the Utica-Lower Paleozoic TPS has a regional 
focus, whereas the Point Pleasant-Brassfield(!) has a more 
local focus.

Key Elements of the Total Petroleum 
System

Petroleum Occurrence

Oil and gas in the Utica-Lower Paleozoic TPS were 
discovered in the late 1880s in central Ohio (see for example, 
DeBrosse and Vohwinkel, 1974). Through 2002, cumula-
tive production plus remaining reserves in the Utica-Lower 
Paleozoic TPS represent an estimated 15 to 20 percent 
(1.8 to 2.4 billion barrels of oil equivalent, or BBOE) of the 
discovered oil and gas resources in the basin (unpublished 
estimate by R.T. Ryder, 2006). The majority of the petroleum 
discovered to date in the TPS is located on the east-dipping, 
western flank of the Appalachian basin in central and eastern 
Ohio, northwestern Pennsylvania, and western New York 
(figs. 4, 5, 6, 7). Generally, the oil and (or) gas fields in the 
TPS produce from a variety of lower Paleozoic reservoirs 
at depths of less than 6,000 ft; however, scattered gas fields 
in the TPS, discovered from 1980 to the present, also occur 
in the deeper parts of the Appalachian basin in south-central 
New York, central Pennsylvania, and central West Virginia at 
depths between about 7,000 and 12,000 ft. Only a few small 
oil and (or) gas fields have been discovered in the thrust belt 
in the southeastern part of the TPS (figs. 4, 5). These fields in 
the thrust belt consist of two small oil fields in southwestern 
Virginia (discovered in 1943 and 1963) and a small gas field 
with associated oil in nearby eastern Tennessee (discovered in 
the early 1980s). Geochemical character studies by Dennen 
and others (this volume, chap. G.12) indicate that the upper 
part of the Trenton Limestone (which contains thin, interbed-
ded black shale equivalent to the Utica Shale), most likely 
is the source rock for the oils in the thrust-belt fields. Other 
possible source rocks for the thrust-belt fields (the Ordovician 
Paperville and Sevier Shales located in the easternmost thrust 
sheets of the Appalachian basin) are considered to be less 
plausible because the faulted anticlines that trapped the oils in 
the thrust-belt fields probably formed after oil generation and 
migration had occurred from the Paperville and Sevier Shales. 
The most active petroleum exploration in the Utica-Lower 
Paleozoic TPS during the late 1990s and the first decade of the 
21st century targeted gas accumulations in hydrothermal and 
(or) fractured dolomite in the Upper Ordovician Trenton and 
Black River Limestones of south-central New York (New York 
Division of Mineral Resources, 2004; Smith, 2006), central 
West Virginia (Avary, 2006), and north-central Pennsylvania 
(Laughrey and Kostelnik, 2006b).

Figure 1 (facing page).  Correlation chart showing the 
stratigraphic units and assessment units in the Utica-Lower 
Paleozoic Total Petroleum System and source rocks, reservoirs, 
and seals. Ma, million years ago.
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Figure 2.  Geologic cross section D–D’ through the Appalachian basin showing Upper Cambrian, Ordovician, and Silurian 
rocks that constitute the Utica-Lower Paleozoic Total Petroleum System (Ryder and others, 2009). See figure 3 for the line 
of section. This cross section is part of a series of previously published and lettered regional cross sections through the 
Appalachian basin (Ryder and others, 2008, 2009, 2012; and chap. E.4.1, this volume).

2

Red shale

Black shale

Gray shale

Limestone

Dolomite

Dolomite with anhydrite

Halite

Sandstone

Sandstone with siltstone

EXPLANATION

Boundary of Utica–Lower Paleozoic Total Petroleum System                      

Drill hole—Number indicates locality of drill hole with burial history model 
(Rowan, 2006; see figure 3 for location on map)

Contact—Dashed where inferred; queried where uncertain                     

Unconformity—Queried where uncertain                     

Faults
Normal—Dashed where inferred; arrow shows
     relative movement
Thrust fault or bedding-plane fault related to
     Alleghanian orogeny
Normal fault with later episode of reverse motion
     (inversion)—Dashed where inferred

Gray shale with siltstone

?
?

He
ld

er
be

rg
 L

s. 
/ M

an
da

ta
 S

h.
 / 

Bi
g 

M
ou

nt
ai

n 
Sh

. /
 K

ey
se

r L
s.

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

C
R R

R
R

R

R R
R R

R R
R

R

R

R

R
R

R R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R
R

RR
R

R
R

R

R
R R

R
R

R
R

R
R

R

R

R

R

R

R

R

R

R
R

R
R

R

R
R

R
R

R
R

R

R

R

R

R
R

R

R

R

R

R R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R R

R

R

R

R

R

R
R

R

R

R

R

RR

R

?

?

? ?

?

?

?

?
?

?

?

?

?

?
?

?

?

?

?

0

MILES

PermianMississippian–Pennsylvanian

Devonian

2

D D’

6

Rome trough

Mesoproterozoic crystalline basement

Mesoproterozoic crystalline basement

Mesoproterozoic crystalline basement

Utica Shale

Knox 
unconformity

Knox 
unconformity

Allegheny 
structural 

front
Valley and 

Ridge province

No. 1–2171 
Haff

No. 1 
Wheeler

No. D–1 
Reeves

No. 1 
Drake

No. 1 
Troyer

No. 2 
Huebner

No. 1 
Zechman

No. 1 
Birney

No. 1 
Burley

No. A–1 
Finch

No. Q–1 
Monongahela

No. 1 
Greenland 

Lodge

No. 1 
Bean

Ordovician

Cambrian

SilurianSilurian

?

?

?

NORTHWEST

SOUTHEAST

5,000 
FEET

5,000

10,000

15,000

20,000

25,000

0

0 5,000 
FEET

5,000

10,000

15,000

20,000

25,000

0

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290



Chapter G.10  Assessment of Appalachian Basin Oil & Gas Resources: Utica-Lower Paleozoic Total Petroleum System    5

Figure 2.  Continued.
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Figure 3.  Index map showing the location of the Appalachian basin, the Utica-Lower Paleozoic Total Petroleum System, and key features.
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Figure 4.  Map showing the distribution of oil and gas fields in 
Upper Cambrian and Lower Ordovician carbonate and sandstone 
reservoirs in the Utica-Lower Paleozoic Total Petroleum System 
(Ryder, Kinney, and others, chap. C.2, this volume). Most of 
the fields in eastern Kentucky probably belong to other total 
petroleum systems.
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Figure 5.  Map showing the distribution of oil and gas fields 
in Upper Ordovician carbonate reservoirs in the Utica-Lower 
Paleozoic Total Petroleum System (Ryder, Kinney, and others, 
chap. C.2, this volume). Most of the fields in eastern Kentucky 
probably belong to other total petroleum systems.
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Figure 6.  Map showing the distribution of oil and gas fields in 
Lower Silurian sandstone reservoirs in the Utica-Lower Paleozoic 
Total Petroleum System (Ryder, Kinney, and others, chap. C.2, this 
volume). Infill gas fields shown on this figure indicate the most 
recently discovered gas fields in the Lower Silurian sandstone 
reservoirs. Storage fields shown in this figure are depleted gas 
fields in the Lower Silurian sandstone reservoirs that are now 
used for gas storage. Most of the fields in eastern Kentucky 
probably belong to other total petroleum systems.
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Figure 7.  Map showing the distribution of oil and gas fields in 
Lower and Upper Silurian carbonate and sandstone reservoirs in 
the Utica-Lower Paleozoic Total Petroleum System (Ryder, Kinney, 
and others, chap. C.2, this volume). Storage fields shown on this 
figure are depleted gas fields in Lower and Upper carbonate and 
sandstone reservoirs that are now used for gas storage. Most 
of the fields in eastern Kentucky probably belong to other total 
petroleum systems.
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Figure 8.  Map showing the distribution of the Utica Shale and equivalent thin black shale beds in the uppermost Trenton Limestone. 
Also shown are the distribution of total organic carbon (TOC) content (in weight percent) in the Utica Shale (Ryder and others, 1998) and 
the Ordovician conodont color-alteration index (CAI) isograds (Repetski and others, 2008).

Source Rocks

The Utica Shale (black shale of Late Ordovician age) is 
the primary source rock in the Utica-Lower Paleozoic TPS and 
is distributed across much of New York, Ohio, Pennsylvania, 
West Virginia, and westernmost Maryland (fig. 8). Although 
the Utica Shale is not recognized in central and southern West 
Virginia and southwestern Virginia, these areas have equiva-
lent units of thin black shale in the uppermost part of the 
Trenton Limestone (Group) that are included as source rocks 
in the Utica-Lower Paleozoic TPS (fig. 8). Typical thicknesses 
for the Utica Shale range from 180 to 230 ft in eastern Ohio, 
from 175 to 250 ft in northern West Virginia, from 320 to 350 
ft in central Pennsylvania (where the unit is known as the 
Antes Shale), from 150 to 250 ft in western New York, and 
from 350 to 700 ft in southeastern New York. Although some 
differences exist, the ranges in thickness for the Utica Shale 

cited here are reasonably consistent with the thickness values 
for the Utica Shale presented by Riley and others (2006).

Total organic carbon (TOC) values for the Utica Shale 
are usually greater than 1 weight percent. TOC values ranging 
from 2 to 3 weight percent outline a broad, northeast-trending 
area that extends across western and southern Pennsylvania, 
eastern Ohio, northern West Virginia, and southeastern New 
York (Wallace and Roen, 1989; Ryder and others, 1998) 
(fig. 8). The Utica Shale is characterized by type II kerogen 
(organic facies B and BC of Jones, 1987) (Ryder and others, 
1998), which is a variety of kerogen that is typically prone 
to oil generation (Tissot and Welte, 1984; Peters and Cassa, 
1994). Conodont color-alteration index (CAI) isograds, which 
are based on samples from the Upper Ordovician Trenton 
Limestone (or Group) (Repetski and others, 2008), indicate 
that a pod of mature Utica Shale source rocks occupies most 
of the TPS (figs. 3, 8).
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Oil-source rock correlations in the U.S. part of the TPS 
are limited to studies of several oil extracts from the Utica 
Shale in eastern Ohio and a group of oils from Cambrian 
and Ordovician reservoirs in central and eastern Ohio (Ryder 
and others, 1998). Comparisons of gas chromatograms and 
gas chromatogram-mass spectroscopy fragmentograms from 
these localities suggest a positive oil-source rock correlation. 
In particular, alkane distributions of the extracts and oils are 
characterized by a moderate preference for odd-numbered 
n-alkanes between n-C11 and n-C19 and by observable iso-
prenoids (Cole and others, 1987; Ryder and others, 1998). 
Similar oil-source rock correlation studies by Obermajer and 
others (1999) in southern Ontario suggested that the Trenton 
Limestone was the most likely source rock for the oils in 
Cambrian and Ordovician reservoirs in Ontario. On a regional 
basis, the Utica Shale is considered in this report to be the 
primary source rock, although the Trenton Limestone is a 
credible source rock where it contains thin beds of black shale 
that are similar in character to the Utica Shale. As previously 
mentioned, the Trenton Limestone with thin black interbeds 
is the likely source rock for the oils in the thrust-belt fields in 
southwestern Virginia and eastern Tennessee.

The Silurian part of the Utica-Lower Paleozoic TPS 
may have received local contributions of oil and gas from 
Middle and Upper Devonian black shale source rocks (Cole 
and others, 1987) and (or) from Silurian black shale and 
carbonate source rocks (Ryder and others, this volume, chap. 
G.11); however, any significant contribution from these source 
rocks to the Utica-Lower Paleozoic TPS is considered to be 
unlikely because the Devonian black shale source rocks are 
separated from the Utica-Lower Paleozoic TPS by a 2,000- to 
2,500-ft-thick sequence of Upper Silurian through Middle 
Devonian rocks that includes a 400- to 1,000-ft-thick, wide-
spread Silurian evaporite unit (fig. 2). This evaporite unit 
should be largely impervious to oil and gas migration, thus 
preventing any significant mixing of oils and gases between 
the Devonian Shale-Middle and Upper Paleozoic TPS (see 
Milici and others, 2003) and the Utica-Lower Paleozoic TPS. 
Geochemical evidence in the Michigan basin, however, indi-
cates that some oils generated from Ordovician source rocks 
appear to have migrated vertically through thick, widespread 
Silurian evaporite beds (Hatch and others, 2005).

Burial History, Thermal History, and 
Hydrocarbon Migration

Burial history and thermal history models by Rowan 
(2006) indicated that the Utica Shale in eastern Ohio and 
northern West Virginia entered the oil-generation window 

approximately between Late Devonian and Late Pennsylva-
nian time and entered the gas-generation window between 
Middle Mississippian and Early Permian time. For example, 
in northern West Virginia in the Humble No. 1 Minesinger 
well, where the top of the Utica Shale is at 8,650 ft, and in 
the Exxon No. 1 Gainer-Lee well, where the top of the Utica 
is at 10,600 ft (figs. 3, 9, 10), the Utica Shale entered the 
oil-generation window in Late Devonian time (approximately 
375 million years ago (Ma)) and entered the gas-generation 
window in Early Permian time (approximately 280 Ma). Also 
in northern West Virginia, in the Occidental No. 1 Burley well, 
where the top of the Utica is at 12,650 ft (figs. 3, 11), the Utica 
entered the oil-generation window in Late Devonian time 
(approximately 385 Ma), but entered the gas-generation win-
dow in Middle Mississippian time (approximately 330 Ma). 
By comparison in eastern Ohio, in the Amerada No. 1 Ullman 
well, where the top of the Utica is at 8,200 ft, and in the Great 
Lakes No. 1 Drake well, where the top of the Utica is at 4,700 
ft, (figs. 3, 10, 11), the Utica entered the oil-generation win-
dow in Late Devonian time (approximately 360 Ma) and Late 
Pennsylvanian time (approximately 300 Ma), respectively; 
however, in both wells, the Utica was not sufficiently buried 
to enter the gas-generation window. In central Ohio, the burial 
and thermal history model of the Pan American No. 1 Wind-
bigler well, where the top of the Utica is at 3,010 ft, suggested 
that little or no oil and gas was generated from the Utica at this 
location (figs. 3, 10).

Hydrocarbon migration occurred both vertically and 
laterally (updip toward the northwest) soon after initial oil 
generation from the Utica Shale and probably lasted at least 
until the early phases of post-Paleozoic uplift and erosion. 
Also, migration probably followed multiple pathways that 
included bedding-parallel zones of secondary porosity, dis-
solution zones along the regional Knox unconformity (fig. 1), 
and regionally pervasive to local tectonic fractures (fig. 12). 
Pervasive fracturing (caused by recurrent tectonism) of the 
Cambrian and Ordovician strata may have been a convenient 
mechanism to transport Utica Shale-derived oil and gas from 
a downdip location in the basin, across underlying strata, and 
into older reservoirs (fig. 12). Secondary migration may have 
occurred in places, particularly where the initially trapped oil 
was converted to gas during episodes of deeper burial and 
tectonic readjustment.

In northwestern Ohio and parts of central Ohio, the Utica 
Shale source rock is probably immature with respect to oil and 
gas generation (fig. 3). Thus, oil and gas fields located in lower 
Paleozoic reservoirs in these areas (for example, the Lima-
Indiana field, fig. 12) probably migrated there from a region of 
higher thermal maturity where oil and (or) gas was generated 
from the Utica Shale.
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Figure 9.  Chart showing the calculated thermal maturity (vitrinite 
reflectance, Ro, in percent) profiles for the Ordovician Utica 
Shale (Rowan, 2006) along geologic cross section C–C’ (Ryder 
and others, 2012). The profiles were calculated for specific times 
(including the present (0 million years ago (Ma)), maximum burial 
(270 Ma), and earlier times) to show the evolution of thermal 

maturation through time. The approximate top of the gas window 
is indicated by the bottom of the yellow shaded region (Ro is 1.4 
percent). The names and locations of the wells are shown along 
the top of the profile. See figure 3 for the location of the No. 1 
Minesinger well (solid vertical line).
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Figure 10.  Chart showing the calculated thermal maturity 
(vitrinite reflectance, Ro, in percent) profiles for the Ordovician 
Utica Shale (Rowan, 2006) along geologic cross section E–E’ 
(Ryder and others, 2008). The profiles were calculated for specific 
times (including the present (0 million years ago (Ma)), maximum 
burial (270 Ma), and earlier times) to show the evolution of 
thermal maturation through time. The approximate top of the gas 
window is indicated by the bottom of the yellow shaded region 

(Ro is 1.4 percent). Geologic cross section E–E’ follows the same 
line of section as the restored stratigraphic cross section through 
Upper Cambrian, Ordovician, and Lower Silurian rocks shown on 
figures 3 and 13. The names and locations of the wells are shown 
along the top of the profile. See figure 3 for the locations of the 
No. 1 Windbigler, No. 1 Ullman, and the No. 1 Gainer-Lee wells 
(solid vertical lines).
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Figure 11.  Chart showing the calculated thermal maturity 
(vitrinite reflectance, Ro, in percent) profiles for the Ordovician 
Utica Shale (Rowan, 2006) along geologic cross section D–D’ 
(Ryder and others, 2009). The profiles were calculated for specific 
times (including the present (0 million years ago (Ma)), maximum 
burial (270 Ma), and earlier times) to show the evolution of 

thermal maturation through time. The approximate top of the gas 
window is indicated by the bottom of the yellow shaded region 
(Ro is 1.4 percent). The names and locations of the wells are 
shown along the top of the profile. See figure 3 for the location of 
geologic cross section D–D’ and the No. 1 Drake and No. 1 Burley 
wells (solid vertical lines).
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Reservoir Rocks

The following reservoir rocks (in ascending stratigraphic 
order) were evaluated in the Utica-Lower Paleozoic TPS for 
undiscovered oil and gas resources in the 2002 USGS Appa-
lachian basin assessment (Milici and others, 2003): the Upper 
Cambrian informally named Copper Ridge dolomite in Ohio 
(figs. 1, 4); the Upper Cambrian informally named Rose Run 
sandstone in Ohio, the informally named upper sandy member 
of the Gatesburg Formation in Pennsylvania, and the upper 
part of the formally named Galway (or Theresa) Formation 
in New York (figs. 1, 4); the Lower Ordovician informally 
named Beekmantown dolomite in Ohio, the formally named 
Beekmantown Group in Pennsylvania, and the upper part of 
the formally named Knox Group in southwestern Virginia and 
eastern Tennessee (figs. 1, 4); the Upper Ordovician Black 
River Group (or Limestone) and Trenton Limestone in Ohio, 
New York, Pennsylvania, West Virginia, and southwestern 
Virginia (figs. 1, 5); the Lower Silurian Tuscarora Sandstone 
(or Formation) in Pennsylvania and West Virginia, the infor-
mally named “Clinton” sandstone2 and Medina sandstone in 
Ohio, and the Medina Group in New York (figs. 1, 6); and the 
Lower and Upper Silurian Lockport Dolomite (also known as 
the Newburg zone) in Ohio and Pennsylvania and the Lock-
port Group in New York (figs. 1, 7). Sandstone reservoirs in 
the Upper Ordovician Queenston Shale (figs. 1, 6) also were 
evaluated in the 2002 USGS assessment, but their undiscov-
ered gas resources were included in the assessment of the 
Lower Silurian sandstones. Additional reservoirs of second-
ary importance in the Utica-Lower Paleozoic TPS include 
the Upper Ordovician Bald Eagle Sandstone of Pennsylvania 
(fig. 1) (Laughrey and Harper, 1996) and the Upper Silurian 
Williamsport Sandstone (also known as the informal Newburg 
sandstone) of West Virginia (figs. 2, 7) (Patchen, 1996). These 
secondary reservoirs were not assessed for undiscovered oil 
and gas in the 2002 USGS Appalachian basin assessment 
because their resources were considered to be negligible. The 
amount of accumulated gas in the Bald Eagle Sandstone prob-
ably was never very large, whereas most of the accumulated 
gas in the Newburg sandstone has already been found. Shale 
gas from the Upper Ordovician Utica Shale (fig. 1) was only 
identified as a hypothetical reservoir and was not assessed as a 
viable resource in the 2002 USGS Appalachian basin assess-
ment largely because there was no commercial gas production 
from the shale in the United States at the time. Although there 
is still no commercial production from the Utica Shale in the 
United States as of April 2008, the unit deserves some discus-
sion in this report because of the recent interest it has gener-
ated as a potential gas reservoir (Martin, 2005; Nyahay and 

2The “Clinton” sandstone in Ohio was miscorrelated by drillers with strata 
in the type Clinton Group of New York when in fact it is equivalent to the 
underlying type 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 
Medina sandstone in Ohio as a partial equivalent of the type Medina Group of 
New York.

others, 2007). Recently, gas discoveries have been reported 
from the Utica Shale in the St. Lawrence Lowlands of Quebec 
(fig. 3) (Park, 2008).

Copper Ridge Dolomite, Rose Run Sandstone, 
and Beekmantown Dolomite of the Knox 
Dolomite in Ohio

Oil and gas accumulations in the Copper Ridge dolomite, 
Rose Run sandstone, and Beekmantown dolomite reservoirs 
in Ohio commonly are associated with the overlying Knox 
unconformity (figs. 1, 13). The prominent lithology of the 
Copper Ridge dolomite and the Beekmantown dolomite is 
microcrystalline to medium-crystalline dolomite. The Rose 
Run sandstone is a quartz arenite to subarkose with dolomite 
cement.

Reservoirs in the Copper Ridge dolomite and Beekman-
town dolomite are characterized by secondary vuggy porosity 
that is controlled in part by the leaching of algal stromatolites 
during subaerial exposure that accompanied the formation 
of the Knox unconformity (Dolly and Busch, 1972; Riley 
and others, 1993; Ryder, 1994). Intercrystalline porosity in 
the medium-crystalline dolomite of the Copper Ridge and 
Beekmantown dolomites provides an additional porosity type 
(Riley and others, 1993; Ryder, 1994). Many of the rhomb-
shaped crystals that constitute the medium-crystalline dolo-
mite show dissolution features along their edges (Riley and 
others, 1993).

The dominant porosity type in the Rose Run sandstone is 
secondary porosity characterized by oversized pores, moldic 
pores, and enlarged intergranular pores (Riley and others, 
1993; Riley and others, 2002). The enlarged pores are inter-
preted as dissolution features that formed when the Rose Run 
sandstone interacted with deep-basin brines (Riley and others, 
1993). Porosity values for the Rose Run sandstone range 
from near 0 to 11 percent and average 5.9 percent (Riley and 
others, 1993). Fractures are observed rarely in the Rose Run 
sandstone, but they are suspected to be present on the basis of 
production characteristics (Riley and others, 2002).

Black River Limestone (or Group) and Trenton 
Limestone

The Black River Limestone in West Virginia and the 
Black River Group in Ohio, Pennsylvania, and New York 
consist of carbonate mudstone and wackestone. The overly-
ing Trenton Limestone consists of fossiliferous limestone 
(wackestone, packstone, and grainstone). The majority of 
the high-yield oil and (or) gas reservoirs in the Black River 
Limestone (or Group) and Trenton Limestone of south-central 
New York, northwestern Ohio, and northeastern Ohio consists 
of medium to coarsely crystalline hydrothermal dolomite. 
The hydrothermal dolomite reservoirs in the Black River 
Limestone (or Group) and Trenton Limestone commonly are 
narrow and linear in plan view (fig. 5) because hot ascending 
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fluids that altered the limestone host rock to dolomite were 
confined largely to subvertical fault zones that originated in 
the Proterozoic basement (New York Division of Mineral 
Resources, 2004; Smith, 2006). Although the Black River 
and Trenton reservoirs in West Virginia are controlled by 
northeast-trending fault zones in the Rome trough, hydro-
thermal dolomite is absent there and the dominant porosity is 
controlled by fractures (Patchen and Mroz, 2006). Fractured 
limestone also characterizes the reservoirs in the upper part of 
the Trenton Limestone in north-central New York (New York 
Division of Mineral Resources, 1987; Avary, 2006) and in the 
Trenton Limestone in the thrust belt in southwestern Virginia 
(Bartlett, 1988).

The hydrothermal dolomite reservoirs are characterized 
by vuggy, intercrystalline, and fracture porosity (Wickstrom 
and Gray, 1988; Laughrey and Kostelnik, 2006a; Sagan and 
Hart, 2006; Smith, 2006). Typical porosity values in the dolo-
mitized Black River and Trenton reservoirs in south-central 
New York range from 5 to 16 percent (Nyahay and others, 
2006). Moreover, initial reservoir pressure gradients of the 
Black River and Trenton reservoirs in New York are abnor-
mally low, with values typically less than 0.43 pounds per 
square inch per foot (psi/ft) (Nyahay and others, 2006).

“Clinton” Sandstone, Medina Sandstone, 
Medina Group Sandstones, and Tuscarora 
Sandstone

The sandstone reservoirs in the “Clinton” sandstone, 
Medina sandstone, Medina Group, and Tuscarora Sandstone 
are predominantly very fine to fine-grained quartz arenites, 
sublitharenites, and subarkoses with silica and calcite cement 
(Castle, 1998; Ryder and Zagorski, 2003). The “Clinton” 
through Medina sandstone interval in Ohio and the Medina 
Group interval in Pennsylvania and New York range in thick-
ness from about 100 to 200 ft and contain some siltstone and 
shale interbeds, whereas the Tuscarora Sandstone interval 
in Pennsylvania and West Virginia ranges in thickness from 
about 500 to 700 ft (fig. 14). Moreover, the Tuscarora Sand-
stone has a greater percentage of sandstone and is typically 
coarser grained than the “Clinton” sandstone, Medina sand-
stone, and Medina Group sandstones.

Oil and gas trapped in the “Clinton” sandstone, Medina 
sandstone, Medina Group sandstones, and the Tuscarora Sand-
stone constitute a regional hydrocarbon accumulation that was 
named the Lower Silurian regional accumulation by Ryder and 
Zagorski (2003). Following Ryder and Zagorski (2003), the 
Lower Silurian regional accumulation is divided into a basin-
center part (which occupies eastern Ohio, central Pennsylva-
nia, and central West Virginia) and a hybrid-conventional part 
(which occupies the updip part of the accumulation in central 
Ohio, northwestern Pennsylvania, and western New York) 
(fig. 14).

The sandstone reservoirs in the basin-center part of 
the regional accumulation have relatively low permeability 

(less than or equal to 0.1 millidarcies) and porosity (3 to 10 
percent), whereas the sandstone reservoirs in the hybrid-
conventional part of the accumulation have higher perme-
ability (greater than 0.1 millidarcies) and porosity (5 to 15 
percent) (Ryder and Zagorski, 2003). Although fracture 
porosity plays a major role in the improvement of Tuscarora 
Sandstone reservoir performance (Avary, 1996), its role in the 
improvement of “Clinton”-Medina reservoir performance is 
debatable. There are a growing number of examples, however, 
where open fractures have improved production in “Clinton”-
Medina sandstone reservoirs in the basin-center part of the 
regional accumulation. All the “Clinton”-Medina-Tuscarora 
sandstones have been altered to some degree by burial 
diagenesis. The primary porosity type is secondary inter-
granular, which is the result of the dissolution of feldspar and 
unstable lithic fragments (Zagorski, 1999; Ryder and Zagorski, 
2003). Primary intergranular porosity is present locally in the 
“Clinton”-Medina-Tuscarora sandstones because of incom-
plete silica cementation (Ryder and Zagorski, 2003).

Most of the “Clinton” sandstone-Medina sandstone-
Medina Group sandstone reservoirs are underpressured with 
pressure gradients ranging from about 0.25 to 0.42 psi/ft 
(Ryder and Zagorski, 2003). The Tuscarora Sandstone reser-
voir pressure gradients, however, are variable and range from 
normal (hydrostatic), to underpressured, to slightly overpres-
sured (Avary, 1996; Ryder and Zagorski, 2003).

Queenston Shale
The Queenston Shale is a red-bed unit that consists 

predominantly of shale with smaller amounts of siltstone 
and sandstone. Sandstone reservoirs in the upper part of 
the Queenston Shale in western New York contain gas that 
is either produced exclusively from these reservoirs or 
coproduced with gas in the Medina Group sandstone res-
ervoirs. These gas accumulations in the Queenston Shale 
and overlying Medina Group sandstones are located in the 
hybrid-conventional part of the regional accumulation. 
Sandstone beds within the Queenston Shale typically are fine-
grained quartz arenites with permeability that averages 0.20 
millidarcies and porosity that averages 3 to 4 percent (Saroff, 
1987; Ward, 1988).

Lockport Dolomite (Newburg zone) or Lockport 
Group

The predominant lithology of the Lockport Dolomite is 
microcrystalline to finely crystalline dolomite. The reservoirs 
are typically 5 to 40 ft thick and are associated with bioherm 
buildups; commonly, however, the reservoirs cap the bioherms 
rather than being part of them (Santini and Coogan, 1983; 
Noger and others, 1996). This observation is consistent with 
the interpretation by Laughrey (1987) that the reservoir zones 
consist of rubble derived from nearby bioherms. By contrast, 
many of the gas fields in the Upper Silurian Guelph Formation 
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of the Lockport Group in southern Ontario, Canada, appear to 
produce directly from biohermal reservoirs whose depositional 
origin is interpreted as main or barrier reefs (Bailey, 1986). 
Similar reservoir conditions also may occur in the upper part 
of the Lockport Dolomite (or Group) in the United States, 
which is equivalent to the Guelph Formation.

The Lockport Dolomite reservoir commonly is charac-
terized by widespread zones of vuggy, moldic, and intercrys-
talline porosity (Multer, 1963; Santini and Coogan, 1983; 
Laughrey, 1987). Vuggy and moldic porosity in the Lockport 
Dolomite in western Pennsylvania averages about 9.6 percent 
and intercrystalline porosity averages about 3.4 percent 
(Laughrey, 1987). The thickest of the porous zones generally 
occurs in the upper part of the Lockport Dolomite in Ohio and 
is referred to informally as the Newburg zone (Multer, 1963; 
Santini and Coogan, 1983). Reservoir pressure gradients in the 
Newburg zone are abnormally low (Noger and others, 1996).

Utica Shale
The Utica Shale consists of black, thinly laminated, 

commonly calcareous shale that is rich in organic matter. The 
Utica Shale of the St. Lawrence Lowlands of Quebec, Canada, 
contains black shale reservoirs (Aguilera, 1978); therefore, a 
hypothetical Utica Shale reservoir is proposed in this report 
for the U.S. part of the Appalachian basin. The Utica Shale 
reservoirs in Quebec are self-sourced and fractured, have 
porous zones that range in thickness from 50 to 90 ft, and 
have water saturations that approach 0. Furthermore, fracture 
porosity for the Utica Shale reservoir in Quebec averages 
1.4 percent, and the reservoir pressure gradient is generally 
normal (Aguilera, 1978). Natural fractures have been observed 
in outcrops and in cores for the Utica Shale in New York State 
(Martin, 2005).

Traps

Stratigraphic traps and combination structural-
stratigraphic traps provide the majority of the traps in the 
Utica-Lower Paleozoic TPS, and most of them are very subtle. 
Stratigraphic traps include unconformity traps (Copper Ridge 
dolomite, Rose Run sandstone, and Beekmantown dolomite in 
Ohio), paleotopographic or buried hills traps (Copper Ridge 
dolomite, Rose Run sandstone, and Beekmantown dolomite 
in Ohio), carbonate bioherm traps (Newburg zone in Ohio or 
Lockport Group in New York), sedimentary-facies pinchouts 

(“Clinton” sandstone in Ohio), and diagenetic-facies traps 
(hydrothermal dolomite of the Trenton Limestone and Black 
River Limestone (or Group) in West Virginia, New York, and 
Ohio; and the “Clinton” and Medina sandstones in Ohio). 
Structural traps in the TPS are characterized by low-amplitude 
anticlines such as in southwestern Virginia (Bartlett, 1988); 
they also may include structural terraces, faulted anticlines, 
and faults in other parts of the basin. Commonly, the anti-
clinal traps in the Tuscarora Sandstone are associated with 
natural fractures (Avary, 1996). Most combination structural-
stratigraphic traps are sedimentary-facies pinchouts against 
low-amplitude anticlines.

An unusual type of trapping condition, perhaps caused 
by high mobile-water saturation, may be the primary mode 
of entrapment for the basin-center part of the Lower Silurian 
regional gas accumulation (Ryder and Zagorski, 2003). A 
similar zone of high mobile-water saturation appears to have 
trapped gas in the deep-basin gas accumulation in the Alberta 
Basin of western Canada (Masters, 1979).

Seals

The 400- to 1,000-ft-thick Upper Silurian Salina Group, 
which contains halite, anhydrite, anhydritic dolomite mud-
stone, and dolomite mudstone, is the predominant seal for 
the Utica-Lower Paleozoic TPS (fig. 1). Seal rocks of lesser 
importance include the Upper Ordovician Utica Shale, Reeds-
ville Shale, Queenston Shale and Juniata Formation, and the 
Lower Silurian Rochester Shale and Rose Hill Formation 
(fig. 1).

Assessment Units
An assessment unit (AU) is a mappable volume of rock 

within the TPS that encompasses discovered and undiscovered 
fields that share similar geologic traits and socioeconomic 
factors (Klett and others, 2000). As used in this report, an AU 
is analogous to the term “play” as used in the 1995 National 
Assessment of United States Oil and Gas Resources (Gautier 
and others, 1995) and in the Atlas of Major Appalachian Gas 
Plays (Roen and Walker, 1996).

The Utica-Lower Paleozoic TPS contains both conven-
tional oil and gas resources and continuous (unconventional) 
gas resources. A conventional resource (accumulation) has a 
discrete field outline with a well-defined, downdip hydrocar-
bon-water contact, whereas a continuous resource (accumula-
tion) is widely distributed with a poorly defined boundary, 
is not localized by a single trap, and is not associated with 
a downdip hydrocarbon-water contact (Schmoker, 1997). A 
different assessment methodology has been applied to each 
of these resource types. For the assessment of conventional 
resources, a field-size methodology is used, whereby estimated 
sizes and numbers of undiscovered fields are based on the 
distribution of sizes and the discovery history of known fields 

Figure 14 (facing page).  Stratigraphic framework and 
depositional sequences in Lower Silurian and adjoining strata 
in parts of New York, Ohio, Pennsylvania, and West Virginia 
(Ryder and Zagorski, 2003). See figure 3 for the locations of the 
sections (shown as red lines). The New York-Pennsylvania section 
(top) is from Hettinger (2001) and the Ohio-Pennsylvania-West 
Virginia section (middle and bottom) is from Ryder (2004). ORD., 
Ordovician.
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in a given AU (play) (Houghton and others, 1993; Gautier and 
Dolton, 1995). Also, the conventional-resource methodology 
considers a “growth factor” to account for resources expected 
to be added to reserves as a consequence of the extension of 
known fields, the revision of reserve estimates, and the addi-
tion of new pools to discovered fields (U.S. Geological Survey 
National Oil and Gas Resource Assessment Team, 1995; Atta-
nasi and others, 1999). By contrast, for the assessment of con-
tinuous resources, a cell-based methodology is used, whereby 
the total resource is estimated from (1) the number of undrilled 
cells within and adjoining a designated continuous accumula-
tion, (2) the size of each undrilled cell (the optimum drainage 
area for a single well), and (3) the estimated ultimate recovery 
(EUR) of a hydrocarbon resource (usually natural gas) by a 
single well that drains each cell (Schmoker, 1996, 1999; Klett 
and Charpentier, 2003). All input parameters and estimated 
conventional and continuous (unconventional) resources are 
expressed probabilistically as ranges of values.

Assessment Units That Contain Conventional Oil 
and Gas Resources

Lower Paleozoic Carbonates in Thrust Belt 
Assessment Unit

Description
The Lower Paleozoic Carbonates in Thrust Belt AU is 

located along the folded and thrust-faulted southeastern mar-
gin of the Utica-Lower Paleozoic TPS (fig. 15). Gas trapped in 
faulted anticlines constitutes the primary resource. Reservoir 
units are carbonate rocks in the upper part of the Knox Group 
and the Trenton Limestone in southwestern Virginia and west-
ern Tennessee and equivalent strata in the thrust belt of central 
and northern Virginia, West Virginia, and Pennsylvania. Sev-
eral small oil and gas fields are present in the assessment unit 
in southwestern Virginia and adjoining eastern Tennessee (figs. 
4, 5). A geologic events chart summarizing the key events for 
the Lower Paleozoic Carbonates in Thrust Belt AU is shown in 
figure 16.

Sizes and Numbers of Fields
Three fields have been discovered to date in this AU. The 

ultimate size of the two oil fields in southwestern Virginia that 
produce from the Trenton Limestone is about 0.30 million 
barrels of oil (MMBO); each oil field produces negligible 
amounts of gas. In nearby eastern Tennessee, however, the 
ultimate size of the gas field with associated oil that produces 
primarily from the Knox Group is about 35.5 billion cubic feet 
of gas (BCFG) and about 0.319 MMBO (Hatcher and others, 
2001). The distribution of estimated sizes of undiscovered gas 

fields in the Lower Paleozoic Carbonates in Thrust Belt AU is 
based on the sizes of similar gas fields in the analogous thrust 
belt of the western United States and ranges from a minimum 
of 3 BCFG to a maximum of 500 BCFG. The analogous 
gas fields were degraded appropriately to approximate the 
expected sizes, porosity preservation, and post-entrapment 
history of lower Paleozoic carbonate rocks in the Appalachian 
basin. The median size of undiscovered gas fields is 15 BCFG 
(mean is 28 BCFG). The number of estimated undiscovered 
gas fields ranges from a minimum of 5 to a maximum of 15. 
The median number of undiscovered gas fields is 10.

Resource
The undiscovered, technically recoverable gas resource in 

the Lower Paleozoic Carbonates in Thrust Belt AU is esti-
mated (at a mean value) to be 301.90 BCFG (table 1). Natural 
gas liquids associated with the gas resource are estimated (at 
a mean value) to be 3.02 million barrels of natural gas liquids 
(MMBNGL) (table 1).

Knox Unconformity Assessment Unit

Description
The Knox Unconformity AU covers most of the Utica-

Lower Paleozoic TPS, including the area where the Utica 
Shale source rock probably is immature with respect to oil 
and (or) gas generation (fig. 15). Oil and gas trapped in buried 
hills, truncation traps, and stratigraphic pinchouts beneath the 
Knox unconformity constitute the primary resource. The major 
reservoir units in this assessment unit are the Copper Ridge 
dolomite, the Beekmantown dolomite, and the Rose Run sand-
stone in central and eastern Ohio; however, this assessment 
unit also includes several small gas fields in the upper sandy 
member of the Gatesburg Formation in northwestern Pennsyl-
vania and the upper part of the Galway (or Theresa) Formation 
in western New York (figs. 4, 15). A geologic events chart 
summarizing the key events for the Knox Unconformity AU is 
shown in figure 17.

Figure 15 (facing page).  Map of the Appalachian Basin 
Province showing the Utica-Lower Paleozoic Total Petroleum 
System and the accompanying Lower Paleozoic Carbonates 
in Thrust Belt, Knox Unconformity, and Black River-Trenton 
Hydrothermal Dolomite Assessment Units (Milici and others, 
2004). Also shown are selected gas fields that produce from the 
Knox Dolomite (Group), Rose Run sandstone in Ohio, upper sandy 
member of the Gatebsurg Formation in Pennsylvania, Galway 
(Theresa) Formation in New York, and the Black River and Trenton 
Limestones (or Groups) (Roen and Walker, 1996).
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Sizes and Numbers of Fields
Approximately 51 oil fields (39 in Copper Ridge dolo-

mite reservoirs and 12 in Beekmantown and Rose Run 
sandstone reservoirs) have been discovered to date in the 
Ohio part of the AU. These fields range in ultimate size from 
less than 0.2 MMBO to about 18.6 MMBO (Mark E. Wolfe, 
Ohio Department of Natural Resources, Division of Geol-
ogy, unpub. data, 1995; unpublished estimates from R.T. 
Ryder, 2000, based on Arie Janssens, consulting geologist, 
unpub. data, 1993, 1998). An additional 11 oil fields have 
been discovered in Cambrian sandstone reservoirs in southern 
Ontario, Canada; these fields range in ultimate size from less 
than 0.1 MMBO to about 1.65 MMBO (Ontario Ministry of 
Natural Resources, 2001). The estimated distribution of sizes 
of undiscovered oil fields in the Knox Unconformity AU is 
based on these oil-field sizes and ranges from a minimum of 
0.5 MMBO to a maximum of 10 MMBO. The median size of 
undiscovered oil fields is 1.2 MMBO. The number of esti-
mated undiscovered oil fields ranges from a minimum of 3 to 
a maximum of 40. The median number of undiscovered oil 
fields is 20.

By contrast, approximately 24 gas fields (2 in Copper 
Ridge dolomite reservoirs and 22 in Beekmantown dolomite 
and Rose Run sandstone reservoirs) have been discovered to 
date in the Ohio part of the Knox Unconformity AU. These 
fields range in ultimate size from less than 1 BCFG to about 
50 BCFG (Baranoski and others, 1996; unpublished estimates 
from R.T. Ryder, 2000, based on Arie Janssens, consulting 
geologist, unpub. data, 1993, 1998). An additional 13 gas 
fields have been discovered in equivalent reservoirs in New 
York (3), Pennsylvania (4), and Ontario, Canada (6); these 
additional fields range in ultimate size from less than 1 BCFG 
to about 21.5 BCFG (specifically, a field located in southern 
Ontario) (Ontario Ministry of Natural Resources, 2001). The 
estimated distribution of sizes of undiscovered gas fields in 
the Knox Unconformity AU is based on the sizes of these gas 
fields and ranges from a minimum of 3 BCFG to a maximum 
of 250 BCFG. The median size of undiscovered gas fields is 
8 BCFG. The number of estimated undiscovered gas fields 
ranges from a minimum of 5 to a maximum of 60. The median 
number of undiscovered gas fields is 30.

Resource
The undiscovered, technically recoverable oil resource 

in the Knox Unconformity AU is estimated (at a mean value) 
to be 30.44 MMBO (table 1). Furthermore, the gas resources 
associated with the oil resources are estimated (at a mean 
value) to be 152.33 BCFG, whereas the nonassociated gas 
resources are estimated (at a mean value) to be 421.61 BCFG 
(table 1). Natural gas liquids associated with the oil resources 
and nonassociated gas resources are estimated (at a mean 
value) to be 1.53 MMBNGL and 4.21 MMBNGL, respectively 
(table 1). According to Coleman and others (2006), approxi-
mately 10 percent or less of the oil and gas resources are esti-
mated to underlie the Great Lakes (Lakes Erie and Ontario).

Black River-Trenton Hydrothermal Dolomite 
Assessment Unit

Description
The Black River-Trenton Hydrothermal Dolomite AU 

covers most of the Utica-Lower Paleozoic TPS, including 
the area where the Utica Shale source rock is immature with 
respect to oil and gas generation (fig. 15). Oil and gas trapped 
in dolomitized and (or) fractured limestone reservoirs aligned 
with basement fault zones constitute the primary resource. 
The main reservoir in the assessment unit is the dolomitized 
and fractured Black River Group and Trenton Limestone. Oil 
and gas was produced from this reservoir in the late 1800s and 
early 1900s in the giant Lima-Indiana field (figs. 5, 15), which 
is located on the Findlay arch (fig. 1) in northwestern Ohio 
(Wickstrom and Gray, 1988; Wickstrom and others, 1992). 
More recently (late 1990s), gas was discovered in the dolo-
mite and fractured Black River Group and Trenton Limestone 
reservoir in south-central New York (fig. 5) (Smith, 2006), and 

Figure 16 (facing page).  Events chart for the Lower Paleozoic 
Carbonates in Thrust Belt Assessment Unit. Abbreviations for 
rock unit names are as follows (in approximate stratigraphic 
order): Gren, Grenville province basement rocks; Ch-S-T, 
Chilhowee Group and Shady Dolomite or Tomstown Dolomite; 
Ro-Wy, Rome Formation or Waynesboro Formation; Conas, 
Conasauga Group; CR, Copper Ridge dolomite (or Dolomite); Rose, 
Rose Run sandstone (or Sandstone) or upper sandy member 
of the Gatesburg Formation or Galway (or Theresa) Formation; 
Beek, Beekmantown dolomite (or Dolomite, Group); Knox, Knox 
Dolomite (or Group); BR-T, Black River Limestone (or Group) and 
Trenton Limestone; Utica, Utica Shale; R-Ma, Reedsville Shale 
or Martinsburg Formation; J-Q, Juniata Formation or Queenston 
Shale; C-M-T, “Clinton” sandstone, Medina sandstone, Medina 
Group, or Tuscarora Sandstone; R-RH, Rochester Shale or Rose 
Hill Formation; Lk, Lockport Dolomite (or Group); Sal, Salina Group; 
He-Ke, Helderberg Limestone and Keyser Limestone; Orisk, 
Oriskany Sandstone; On-Hv, Onondaga Limestone or Huntersville 
Chert; Marc, Marcellus Shale of the Hamilton Group; Ham, 
upper part of the Hamilton Group; Dev, Upper Devonian shale 
and sandstone; R, Rhinestreet Shale Member of the West Falls 
Formation; H, Huron Member of the Ohio Shale; Berea, Berea 
Sandstone; S, Sunbury Shale; Pr, Price Group; Gn, Greenbrier 
Limestone; MC, Mauch Chunk Formation; P, Pottsville Group; Al, 
Allegheny Group; Con, Conemaugh Group; Mon, Monongahela 
Group; Dun, Dunkard Group. Other abbreviations are as follows: 
L, Lower; M, Middle; Oligo., Oligocene; Paleo., Paleocene; Plio., 
Pliocene; U, Upper. The approximate location of the boundary 
between the southern and northern parts of the thrust belt is 
shown in figure 15. The time scale is modified after Magoon and 
Dow (1994).
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through 2008, about 30 to 40 fields are distributed across a six-
county area (New York Division of Mineral Resources, 2008). 
Other discoveries in the dolomitized and fractured Black River 
Group and Trenton Limestone reservoirs include several small 
oil and gas fields in Ohio and small gas fields in West Virginia 
(figs. 5, 15). This assessment unit also includes fractured lime-
stone reservoirs in the Trenton Limestone in New York where 
gas is produced from a group of small fields. A geologic events 
chart summarizing the key events for the Black River-Trenton 
Hydrothermal Dolomite AU is shown in figure 17.

Sizes and Numbers of Fields
Three small oil fields (with ultimate sizes less than 0.25 

MMBO) have been discovered to date in the Black River-
Trenton Hydrothermal Dolomite AU in central and eastern 
Ohio (Avary, 2006). These oil fields do not include the small 
fields in the Trenton Limestone on the Findlay arch or the 
giant Lima-Indiana field on the Findlay arch, which has an 
ultimate size of approximately 514 MMBO (Moody and 
others, 1970). Except for the Lima-Indiana oil field, most oil 
fields discovered to date in Black River and Trenton reser-
voirs are located in southern Ontario, Canada (24 fields and 
20 pools), and in southeastern Michigan (4 fields). The 12 
largest Black River-Trenton oil fields in Ontario, Canada, 
have ultimate sizes that range from less than 0.2 MMBO to 
6 MMBO (Ontario Ministry of Natural Resources, 2001; 
Trevail and others, 2004), whereas the 4 oil fields in Michi-
gan have ultimate sizes that range from less than 0.1 MMBO 
to about 124 MMBO (specifically, the Albion-Scipio field; 
Hurley and Budros, 1990). The estimated distribution of sizes 
of undiscovered oil fields in the Black River-Trenton Hydro-
thermal Dolomite AU is based on the sizes of these oil fields 
and ranges from a minimum of 0.5 MMBO to a maximum 
of 30 MMBO. The median size of undiscovered oil fields is 
1 MMBO. The number of estimated undiscovered oil fields 
ranges from a minimum of 1 to a maximum of 25. The median 
number of undiscovered oil fields is 9.

By contrast, approximately 26 gas fields have been 
discovered (through 2004) in south-central New York in 
hydrothermal dolomite reservoirs that are primarily within the 
Black River Group (Avary, 2006; Smith, 2006). An additional 
20 gas fields have been discovered (through 2004) in north-
central New York in fractured limestone reservoirs that are 
primarily within the Trenton Group (New York Division of 
Mineral Resources, 1987; Avary, 2006). The New York gas 
fields with hydrothermal dolomite reservoirs have ultimate 
sizes that range from less than 0.5 BCFG to at least 50 BCFG 
(estimates by R.T. Ryder, 2007, which are based on cumula-
tive production data from Avary, 2006); however, all of the 
gas fields in northeastern New York with fractured limestone 
reservoirs have ultimate sizes that are probably less than 
0.5 BCFG (Avary, 2006). Several small gas fields produce 
from hydrothermal dolomite reservoirs in central and eastern 
Ohio, and these gas fields range in ultimate size from about 
0.5 BCFG to about 6 BCFG (estimates by R.T. Ryder, 2007, 

which are based on cumulative production data from Avary, 
2006). An additional 20 gas fields (plus 10 pools) have been 
discovered in hydrothermal dolomite reservoirs in Ontario, 
Canada, and these gas fields range in ultimate size from less 
than 0.1 BCFG to about 13.5 BCFG (Ontario Ministry of 
Natural Resources, 2001; Trevail and others, 2004). The four 
oil fields that produce from hydrothermal dolomite reservoirs 
in Michigan have associated gas volumes that range from 
negligible to about 212 BCFG (specifically, the Albion-Scipio 
field; Hurley and Budros, 1990). The single gas field in West 
Virginia produces from a fractured limestone reservoir in the 
Trenton Limestone and has an ultimate size of about 10 BCFG 
(estimate by R.T. Ryder, 2007, which is based on cumulative 
production data from Avary, 2006). The estimated distribution 
of sizes of undiscovered gas fields in the Black River-Trenton 
Hydrothermal Dolomite AU (including the fractured limestone 
reservoirs) is based on the sizes of these gas fields and ranges 
from a minimum of 3 BCFG to a maximum of 750 BCFG. 

Figure 17 (facing page).  Events chart for the Knox Unconformity 
and Black River-Trenton Hydrothermal Dolomite Assessment 
Units. Abbreviations for rock unit names are as follows (in 
approximate stratigraphic order): Gren, Grenville province 
basement rocks; Ch-S-T, Chilhowee Group and Shady Dolomite 
or Tomstown Dolomite; Ro-Wy, Rome Formation or Waynesboro 
Formation; Conas, Conasauga Group; CR, Copper Ridge dolomite 
(or Dolomite); Rose, Rose Run sandstone (or Sandstone) or 
upper sandy member of the Gatesburg Formation or Galway (or 
Theresa) Formation; Beek, Beekmantown dolomite (or Dolomite, 
Group); Knox, Knox Dolomite (or Group); BR-T, Black River 
Limestone (or Group) and Trenton Limestone; Utica, Utica Shale; 
R-Ma, Reedsville Shale or Martinsburg Formation; J-Q, Juniata 
Formation or Queenston Shale; C-M-T, “Clinton” sandstone, 
Medina sandstone, Medina Group, or Tuscarora Sandstone; 
R-RH, Rochester Shale or Rose Hill Formation; Lk, Lockport 
Dolomite (or Group); Sal, Salina Group; He-Ke, Helderberg 
Limestone and Keyser Limestone; Orisk, Oriskany Sandstone; 
On-Hv, Onondaga Limestone or Huntersville Chert; Marc, 
Marcellus Shale of the Hamilton Group; Ham, upper part of the 
Hamilton Group; Dev, Upper Devonian shale and sandstone; R, 
Rhinestreet Shale Member of the West Falls Formation; H, Huron 
Member of the Ohio Shale; Berea, Berea Sandstone; S, Sunbury 
Shale; Pr, Price Group; Gn, Greenbrier Limestone; MC, Mauch 
Chunk Formation; P, Pottsville Group; Al, Allegheny Group; Con, 
Conemaugh Group; Mon, Monongahela Group; Dun, Dunkard 
Group. Other abbreviations are as follows: L, Lower; M, Middle; 
Oligo., Oligocene; Paleo., Paleocene; Plio., Pliocene; U, Upper. 
The western parts of the assessment units include eastern and 
central Ohio, western New York, and northwestern Pennsylvania, 
whereas the eastern parts of the assessment units include the 
remainder of the area in New York, Pennsylvania, Maryland, West 
Virginia, and southwestern Virginia as far east as the thrust belt 
(fig. 16). The time scale is modified after Magoon and Dow (1994).
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The median size of undiscovered gas fields is 18 BCFG. The 
number of estimated undiscovered gas fields ranges from a 
minimum of 5 to a maximum of 110. The median number of 
undiscovered gas fields is 50.

Resource
The undiscovered, technically recoverable oil resource in 

the Black River-Trenton Hydrothermal Dolomite AU is esti-
mated (at a mean value) to be 16.29 MMBO (table 1). Further-
more, the gas resources associated with the oil resources are 
estimated (at a mean value) to be 81.48 BCFG, whereas the 
nonassociated gas resources are estimated (at a mean value) 
to be 1,837.22 BCFG (table 1). Natural gas liquids associated 
with the oil resources and nonassociated gas resources are 
estimated (at a mean value) to be 0.82 MMBNGL and 18.33 
MMBNGL, respectively (table 1). According to Coleman and 
others (2006), approximately 40 percent of the oil resource 
is estimated to underlie the Great Lakes (Lake Erie), and 
approximately 16 percent of the gas resource is estimated to 
underlie the Great Lakes (Lakes Erie and Ontario).

Lockport Dolomite Assessment Unit

Description
The Lockport Dolomite AU is located in the north-central 

part of the Utica-Lower Paleozoic TPS and covers much of 
central and eastern Ohio, northwestern Pennsylvania, and 
western New York, including the area in north-central Ohio 
where the Utica Shale source rock probably is immature with 
respect to oil and (or) gas generation (fig. 18). Gas trapped on 
the flanks of biohermal buildups and in compaction anticlines 
that overlie the biohermal buildups constitutes the primary 
resource. Reservoir units are zones of vuggy and moldic 
porosity in the Lockport Dolomite, the largest of which is the 
Newburg zone. Known gas fields (several with local associ-
ated oil) in the AU are located primarily in central Ohio, but 
several small gas fields are located in northwestern Pennsyl-
vania and western New York (figs. 7, 18). A geologic events 
chart summarizing the key events for the Lockport Dolomite 
AU is shown in figure 19.

Sizes and Numbers of Fields
Approximately 31 gas fields have been discovered to 

date in the Ohio part of the AU, and these fields range in 
ultimate size from less than 0.1 BCFG to about 20.2 BCFG 
(Janssens, 1975, 1977; Santini and Coogan, 1983; Noger and 
others, 1996). The larger of two gas fields in Pennsylvania 
that produce from the Lockport Dolomite has an ultimate size 
of about 5.8 BCFG (Noger and others, 1996) and the one gas 
field in New York has an ultimate size of less than 0.1 BCFG 
(Noger and others, 1996). An additional 34 gas fields have 
been discovered in Lockport Group (or Dolomite) reservoirs 
in southern Ontario, Canada, and these additional gas fields 
range in ultimate size from less than 0.1 BCFG to about 63 

BCFG (Ontario Ministry of Natural Resources, 2001). Also, 
about 20 small oil fields have been discovered in the Lockport 
Group in southern Ontario, Canada, but the ultimate size of 
each of these fields is less than 1 MMBO (Ontario Ministry of 
Natural Resources, 2001). The estimated distribution of sizes 
of undiscovered gas fields in the Lockport Dolomite AU is 
based on the sizes of these gas fields and ranges from a mini-
mum of 3 BCFG to a maximum of 100 BCFG. The median 
size of undiscovered gas fields is 7 BCFG. The number of 
estimated undiscovered gas fields ranges from a minimum of 2 
to a maximum of 50. The median number of undiscovered gas 
fields is 20. Because the Lockport Dolomite AU was assessed 
as a gas-producing region with negligible associated oil, the 
sizes of the 20 oil fields in Ontario, Canada, were omitted 
from the assessment process.

Resource
The undiscovered, technically recoverable gas resource 

in the Lockport Dolomite AU is estimated (at a mean value) to 
be 207.49 BCFG (table 1). Natural gas liquids associated with 
the gas resource are estimated (at a mean value) to be 2.08 
MMBNGL (table 1). According to Coleman and others (2006), 
approximately 90 percent of the gas resource is estimated to 
underlie the Great Lakes (Lake Erie).

Assessment Units That Contain Continuous Gas 
Resources

All four of the defined assessment units with continuous 
gas resources in the Utica-Lower Paleozoic TPS are associ-
ated with the Lower Silurian regional accumulation. Basin-
center gas in the Lower Silurian regional accumulation is 
divided between the Clinton-Medina Basin Center AU and the 
Tuscarora Basin Center AU, whereas the hybrid-conventional 
part of the regional accumulation is divided between the 
Clinton-Medina Transitional AU and the Clinton-Medina 
Transitional Northeast AU (fig. 20). For the 2002 assessment, 
the term “transitional” was preferred by the USGS assessment 
team instead of the term “hybrid-conventional,” which was 
originally used by Ryder and Zagorski (2003). The Clinton-
Medina Transitional Northeast AU also includes gas resources 
from sandstone reservoirs in the Queenston Shale as well as 
from sandstone reservoirs in the Medina Group. Although 
natural gas is the dominant hydrocarbon resource in these four 
assessment units, a substantial amount of oil also is present in 
the Clinton-Medina Basin Center AU and the Clinton-Medina 
Transitional AU.

Clinton-Medina Basin Center Assessment Unit

Description
The Clinton-Medina Basin Center AU is located in the 

central part of the Utica-Lower Paleozoic TPS that covers 
most of eastern Ohio, northwestern Pennsylvania, and small 
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Figure 18.  Map of the Appalachian Basin Province showing the Utica-Lower Paleozoic Total Petroleum System and the accompanying 
Lockport Dolomite Assessment Unit (Milici and others, 2004). Also shown are selected gas fields that produce from the Lockport 
Dolomite (or Group) (Roen and Walker, 1996).
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parts of western West Virginia and western New York (fig. 20). 
Most of the AU is located where the Utica Shale source rock is 
at or above the threshold of dominant thermal gas generation 
(CAI 2–3) (fig. 8). The eastern margin of the Clinton-Medina 
Basin Center AU is controlled largely by a change in facies 
that marks the approximate boundary between sandstone 
reservoirs of the informally named “Clinton” and Medina 
sandstones or the Medina Group and sandstone reservoirs of 
the Tuscarora Sandstone (Tuscarora Basin Center AU). The 
western margin of the Clinton-Medina Basin Center AU is 
a transitional boundary between an updip, regional zone of 
higher water saturation (possibly a “water block” trap) toward 
the west (Clinton-Medina Transitional AU) and a basinward 
zone of more pervasive gas saturation toward the east. Also, 
the reservoir pressures change gradually across the western 
margin of the Clinton-Medina Basin Center AU from abnor-
mally low pressure gradients toward the east to pressures 
approaching hydrostatic toward the west. Numerous gas wells 
(approximately 25,000) are located in the western part of the 
AU, where drilling depths to the “Clinton” and Medina reser-
voirs range from about 4,000 to 6,000 ft; however, fewer gas 
wells are located in the eastern downdip part of the AU, where 

drilling depths to the “Clinton” and Medina reservoirs range 
from about 6,500 to 8,500 ft. The presence of a small number 
of widely distributed gas wells and wells with gas shows indi-
cates that large areas in the mostly undrilled eastern part of the 
Clinton-Medina Basin Center AU very likely could produce 
gas during the next 30 years. A geologic events chart summa-
rizing the key events for the Clinton-Medina Basin Center AU 
is shown in figure 21.

Sizes of Undrilled Cells
The estimated sizes of the undrilled cells (the optimum 

drainage area for a single well) in the AU range from a mini-
mum of 10 acres to a maximum of 110 acres. The median size 
of the undrilled cells is 40 acres.

Untested Area That Has Potential for Additions to 
Reserves During the Next 30 Years

The untested area with potential additions to reserves in 
the AU during the next 30 years ranges from a minimum of 
about 754,480 acres to a maximum of about 8,125,075 acres. 
The median untested area with potential additions to reserves 
is 4,160,200 acres. Previous drilling results indicate that 
the expected success ratio for new wells may be as high as 
91 percent.

Estimated Ultimate Recovery Per Well
Based on decline-curve plots (Troy Cook, USGS, oral 

commun., 2002) for approximately 1,000 wells, organized into 
thirds according to their year of discovery, the values for the 
estimated ultimate recovery (EUR) per well (or per untested 
cell) used to estimate the recoverable gas from undrilled cells 
in the Clinton-Medina Basin Center AU range from a mini-
mum of 0.010 BCFG to a maximum of 1.2 BCFG. The median 
EUR value is 0.080 BCFG.

Resource
The undiscovered, technically recoverable gas resource in 

the Clinton-Medina Basin Center AU is estimated (at a mean 
value) to be 10,832.70 BCFG (table 2). Associated oil was 
assessed in the AU by applying a mean coproduct ratio for 
untested cells of 10 barrels of liquid per MMCFG (or a gas-
to-oil ratio of 100,000 cubic feet of gas (CFG) per barrel of oil 
(BO)). This oil, which is expressed as natural gas liquids asso-
ciated with the gas resource, is estimated (at a mean value) to 
be 108.33 MMBNGL (table 2).

Tuscarora Basin Center Assessment Unit

Description
The Tuscarora Basin Center AU is located in the central 

part of the Utica-Lower Paleozoic TPS that covers most of 
West Virginia, southwestern through northeastern Pennsylva-
nia, and small parts of south-central New York, easternmost 

Figure 19 (facing page).  Events chart for the Lockport Dolomite 
Assessment Unit. Abbreviations for rock unit names are as 
follows (in approximate stratigraphic order): Gren, Grenville 
province basement rocks; Ch-S-T, Chilhowee Group and Shady 
Dolomite or Tomstown Dolomite; Ro-Wy, Rome Formation or 
Waynesboro Formation; Conas, Conasauga Group; CR, Copper 
Ridge dolomite (or Dolomite); Rose, Rose Run sandstone (or 
Sandstone) or upper sandy member of the Gatesburg Formation 
or Galway (or Theresa) Formation; Beek, Beekmantown dolomite 
(or Dolomite, Group); Knox, Knox Dolomite (or Group); BR-T, 
Black River Limestone (or Group) and Trenton Limestone; Utica, 
Utica Shale; R-Ma, Reedsville Shale or Martinsburg Formation; 
J-Q, Juniata Formation or Queenston Shale; C-M-T, “Clinton” 
sandstone, Medina sandstone, Medina Group, or Tuscarora 
Sandstone; R-RH, Rochester Shale or Rose Hill Formation; 
Lk, Lockport Dolomite (or Group); Sal, Salina Group; He-Ke, 
Helderberg Limestone and Keyser Limestone; Orisk, Oriskany 
Sandstone; On-Hv, Onondaga Limestone or Huntersville Chert; 
Marc, Marcellus Shale of the Hamilton Group; Ham, upper part of 
the Hamilton Group; Dev, Upper Devonian shale and sandstone; R, 
Rhinestreet Shale Member of the West Falls Formation; H, Huron 
Member of the Ohio Shale; Berea, Berea Sandstone; S, Sunbury 
Shale; Pr, Price Group; Gn, Greenbrier Limestone; MC, Mauch 
Chunk Formation; P, Pottsville Group; Al, Allegheny Group; Con, 
Conemaugh Group; Mon, Monongahela Group; Dun, Dunkard 
Group. Other abbreviations are as follows: L, Lower; M, Middle; 
Oligo., Oligocene; Paleo., Paleocene; Plio., Pliocene; U, Upper. 
The western part of the assessment unit includes eastern and 
central Ohio, western New York, and northwestern Pennsylvania, 
whereas the eastern part of the unit includes central New York 
and north-central Pennsylvania (fig. 18). The time scale is modified 
after Magoon and Dow (1994).
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Kentucky, and southwestern Virginia (fig. 20). Most of the 
AU is located where the Utica Shale source rock has exceeded 
the threshold for dominant thermal gas generation (CAI 3–5) 
(fig. 8). The eastern margin of the Tuscarora Basin Center AU 
coincides with the western limit of the fold and thrust belt 
(Allegheny structural front) along the southeastern margin of 
the Utica-Lower Paleozoic TPS (fig. 3). The western mar-
gin of the Tuscarora Basin Center AU coincides with the 
approximate boundary that marks the facies change between 
sandstone reservoirs of the “Clinton” sandstone, Medina 
sandstone, and Medina Group and the sandstone reservoirs of 
the Tuscarora Sandstone. Fewer than 50 gas wells (commonly 
associated with large percentages of noncombustible gas) 
are present in the Tuscarora Basin Center AU, where drill-
ing depths to the Tuscarora Sandstone reservoir range from 
about 6,500 to about 12,000 ft. These gas wells are located on 
faulted anticlines where the Tuscarora Sandstone reservoir is 
cut by numerous open fractures that increase the permeability 
of an otherwise tightly cemented, nonreservoir sandstone. 
Consequently, only those areas in the Tuscarora Basin Center 
AU with fractured anticlinal folds are expected to produce gas 
during the next 30 years. A geologic events chart summarizing 
the key events for the Tuscarora Sandstone Basin Center AU is 
shown in figure 21.

Sizes of Undrilled Cells
The estimated sizes of the undrilled cells (the optimum 

drainage area for a single well) in the AU range from a mini-
mum of 40 acres to a maximum of 160 acres. The median size 
of the undrilled cells is 80 acres.

Untested Area That Has Potential for Additions to 
Reserves During the Next 30 Years

The untested area with potential additions to reserves 
in the AU during the next 30 years ranges from a minimum 
of about 25,578 acres to a maximum of about 735,057 acres. 
The median untested area with potential additions to reserves 
is 242,325 acres. Previous drilling results indicate that the 
expected success ratio for new wells drilled along the frac-
tured anticlines is 60 percent.

Estimated Ultimate Recovery Per Well
Based on decline-curve plots (Troy Cook, USGS, oral 

commun., 2002) for approximately 40 wells, the values for 
the estimated recovery (EUR) per well (or per untested cell) 
used to estimate the recoverable gas from undrilled cells in the 
Tuscarora Sandstone Basin Center AU range from a minimum 
of 0.010 BCFG to a maximum of 4.0 BCFG. The median EUR 
value is 0.070 BCFG.

Resource
The undiscovered, technically recoverable gas resource 

in the Tuscarora Sandstone Basin Center AU is estimated (at 
a mean value) to be 2,619.59 BCFG (table 2). Natural gas 

liquids associated with the gas resource are estimated (at a 
mean value) to be 10.48 MMBNGL (table 2).

Clinton-Medina Transitional Assessment Unit

Description
The Clinton-Medina Transitional AU is located in the 

west-central part of the Utica-Lower Paleozoic TPS that 
extends across central Ohio, northwestern Pennsylvania, west-
ern New York and small parts of western West Virginia and 
eastern Kentucky (fig. 20). The Clinton-Medina Transitional 
AU also includes a large area underlying Lake Erie (fig. 20). 
Most of the AU is located where the Utica Shale source rock 
is within the thermal region of dominant oil generation (CAI 
1.5–2) (fig. 8). The eastern margin of the Clinton-Medina 
Transitional AU is a transitional boundary between an updip, 
regional zone of higher water saturation (possibly a “water 
block” trap) toward the west and a basinward zone of more 
pervasive gas saturation toward the east. The western mar-
gin of the Clinton-Medina Transitional AU is marked by the 
westward pinchout limit of the “Clinton” and Medina sand-
stones into stratigraphically equivalent Lower Silurian shale 
and carbonate strata. Also, the reservoir pressures change 
gradually across the Clinton-Medina Transitional AU from 
abnormally low pressures near the eastern margin to hydro-
static pressures near the western margin. Drilling depths to the 
“Clinton” and Medina reservoirs in the AU range from about 
1,500 to 4,000 ft. Except for the U.S. portions underlying Lake 
Erie, most of the Clinton-Medina Transitional AU has been 
densely drilled by oil and gas wells (approximately 55,250 
wells), some of which were drilled more than 100 years ago. 
Although the AU is densely drilled, there are still many small 
undrilled areas that likely will produce oil and gas during the 
next 30 years. A geologic events chart summarizing the key 
events for the Clinton-Medina Transitional AU is shown in 
figure 21.

Sizes of Undrilled Cells
The estimated sizes of the undrilled cells (the optimum 

drainage area for a single well) in the AU range from a mini-
mum of 10 acres to a maximum of 110 acres. The median size 
of the undrilled cells is 40 acres.

Figure 20 (facing page).  Map of the Appalachian Basin Province 
showing the Utica-Lower Paleozoic Total Petroleum System 
and the accompanying Clinton-Medina Basin Center, Tuscarora 
Basin Center, Clinton-Medina Transitional, and Clinton-Medina 
Transitional Northeast Assessment Units (Milici and others, 
2004). Also shown are selected gas fields that produce from the 
“Clinton” sandstone, Medina sandstone, Medina Group, and 
Tuscarora Sandstone (Roen and Walker, 1996).



Chapter G.10  Assessment of Appalachian Basin Oil & Gas Resources: Utica-Lower Paleozoic Total Petroleum System    33

0 100 200 MILES50

0 100 200 300 KILOMETERS50

Base from U.S. Geological Survey
digital data, 2001, 1:7,250,000
Albers Equal-Area Conic projection
Standard parallels 35°00’N and 43°00’N
Central meridian 81°00’W

LAKE ONTARIO

LAKE      
ERIE

LA
K

E 
M

IC
H

IG
AN

ATLANTIC
 O

CEAN

LAKE   HURON

Washington,
D.C.

Illinois

Ohio

GeorgiaAlabama

Virginia

Indiana

Mississippi

Kentucky

Tennessee

Pennsylvania

North Carolina

South Carolina

West Virginia

Wisconsin

New York

Michigan

New
Jersey

Delaware

Maryland

C
A

N
A

D
A

U
N

ITED

STATES

90°

40°

35°

85° 80° 75°

EXPLANATION

Utica-Lower Paleozoic Total
Petroleum System

Clinton-Medina Transitional
Assessment Unit

Clinton-Medina Transitional
Northeast Assessement Unit

Clinton-Medina Basin Center
Assessment Unit

Tuscarora Basin Center Assessment
unit

Boundary of Appalachian Basin Province

Fault

Mature Utica Shale source rock

Clinton-Medina gas field

Tuscarora gas field

Gas show in Tuscarora



34    Coal and Petroleum Resources in the Appalachian Basin

Untested Area That Has Potential for Additions to 
Reserves During the Next 30 Years

The untested area with potential additions to reserves in 
the AU during the next 30 years ranges from a minimum of 
about 3,177,984 acres to a maximum of about 9,402,231 acres. 
The median untested area with potential additions to reserves 
is 5,821,348 acres. Previous drilling results indicate that the 
expected success ratio for new wells may be as high as 77 
percent.

Estimated Ultimate Recovery Per Well
Based on decline-curve plots (Troy Cook, USGS, oral 

commun., 2002) for several thousand wells, organized into 
thirds according to their year of discovery, the values for the 
estimated ultimate recovery (EUR) per well (or per untested 
cell) used to estimate the recoverable gas from undrilled cells 
in the Clinton-Medina Transitional AU range from a minimum 
of 0.010 BCFG to a maximum of 1.0 BCFG. The median EUR 
value is 0.060 BCFG.

Resource
The undiscovered, technically recoverable gas resource 

in the Clinton-Medina Transitional AU is estimated (at a 
mean value) to be 11,770.64 BCFG (table 2). Associated oil 
was assessed in the AU by using a mean coproduct ratio for 
untested cells of 12 barrels of liquid/MMCFG (or a gas-to-oil 
ratio of 83,000 CFG/BO). This oil is expressed as natural gas 
liquids associated with the gas resource, and is estimated (at a 
mean value) to be 141.25 MMBNGL (table 2). According to 
Coleman and others (2006), approximately 20 percent of the 
gas resource is estimated to underlie the Great Lakes (Lake 
Erie).

Clinton-Medina Transitional Northeast 
Assessment Unit

Description
The Clinton-Medina Transitional Northeast AU is located 

in the northern part of the Utica-Lower Paleozoic TPS and 
represents the northeastern extension of the Clinton-Medina 
Transitional AU into central New York (fig. 20). Most of the 
AU is located where the Utica Shale source rock is at or above 
the threshold of dominant thermal gas generation (CAI 2–3) 
(fig. 8). The southern margin of the Clinton-Medina Transi-
tional Northeast AU is controlled largely by a change in the 
facies that marks the approximate boundary between sand-
stone reservoirs of the Medina Group and sandstone reservoirs 
of the Tuscarora Sandstone (Tuscarora Basin Center AU). The 
northern margin of the Clinton-Medina Transitional Northeast 
AU is marked by the outcrop limit of the Medina Group. The 
eastern and western margins of the Clinton-Medina Transi-
tional Northeast AU are defined by the approximate limits of 

sandstone units in the Queenston Shale. These sandstone units, 
along with eastward-thinning sandstone units of the Medina 
Group, form the major reservoirs in the AU. Drilling depths to 
the Medina Group and Queenston Shale sandstone reservoirs 
in the AU range from about 1,000 to 5,000 ft. Most of the 
known gas wells to date (approximately 250 wells) are located 
in the northern and western parts of the AU. The presence of 
a small number of widely distributed gas wells and small gas 
fields indicates that parts of the largely undrilled southern part 
of the Clinton-Medina Transitional Northeast AU very likely 
could produce gas during the next 30 years. A geologic events 
chart summarizing the key events for the Clinton-Medina 
Transitional Northeast AU is shown in figure 21.

Sizes of Undrilled Cells
The estimated sizes of the undrilled cells (the optimum 

drainage area for a single well) in the AU range from a mini-
mum of 10 acres to a maximum of 110 acres. The median size 
of the undrilled cells is 40 acres.

Figure 21 (facing page).  Events chart for the Clinton-Medina 
Basin Center, Tuscarora Basin Center, Clinton-Medina 
Transitional, and Clinton-Medina Transitional Northeast 
Assessment Units. Abbreviations for rock unit names are as 
follows (in approximate stratigraphic order): Gren, Grenville 
province basement rocks; Ch-S-T, Chilhowee Group and Shady 
Dolomite or Tomstown Dolomite; Ro-Wy, Rome Formation or 
Waynesboro Formation; Conas, Conasauga Group; CR, Copper 
Ridge dolomite (or Dolomite); Rose, Rose Run sandstone (or 
Sandstone) or upper sandy member of the Gatesburg Formation 
or Galway (or Theresa) Formation; Beek, Beekmantown dolomite 
(or Group); Knox, Knox Dolomite (or Dolomite, Group); BR-T, 
Black River Limestone (or Group) and Trenton Limestone; Utica, 
Utica Shale; R-Ma, Reedsville Shale or Martinsburg Formation; 
J-Q, Juniata Formation or Queenston Shale; C-M-T, “Clinton” 
sandstone, Medina sandstone, Medina Group, or Tuscarora 
Sandstone; R-RH, Rochester Shale or Rose Hill Formation; 
Lk, Lockport Dolomite (or Group); Sal, Salina Group; He-Ke, 
Helderberg Limestone and Keyser Limestone; Orisk, Oriskany 
Sandstone; On-Hv, Onondaga Limestone or Huntersville Chert; 
Marc, Marcellus Shale of the Hamilton Group; Ham, upper part of 
the Hamilton Group; Dev, Upper Devonian shale and sandstone; R, 
Rhinestreet Shale Member of the West Falls Formation; H, Huron 
Member of the Ohio Shale; Berea, Berea Sandstone; S, Sunbury 
Shale; Pr, Price Group; Gn, Greenbrier Limestone; MC, Mauch 
Chunk Formation; P, Pottsville Group; Al, Allegheny Group; Con, 
Conemaugh Group; Mon, Monongahela Group; Dun, Dunkard 
Group. Other abbreviations are as follows: L, Lower; M, Middle; 
Oligo., Oligocene; Paleo., Paleocene; Plio., Pliocene; U, Upper. The 
boundary between the transitional and basin center assessment 
units is shown in figure 20. The time scale is modified after 
Magoon and Dow (1994).
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Untested Area That Has Potential for Additions to 
Reserves During the Next 30 Years

The untested area with potential additions to reserves in 
the AU during the next 30 years ranges from a minimum of 
about 82,625 acres to a maximum of about 2,306,500 acres. 
The median untested area with potential additions to reserves 
is 739,341 acres. Previous drilling results indicate that the suc-
cess ratio for new wells is 75 percent.

Estimated Ultimate Recovery Per Well
Based on decline-curve plots (Troy Cook, USGS, oral 

commun., 2002) for several thousand wells, organized into 
thirds according to their year of discovery, the values for the 
estimated ultimate recovery (EUR) per well (or per untested 
cell) used to estimate the recoverable gas from undrilled cells 
in the Clinton-Medina Transitional Northeast AU range from 
a minimum of 0.010 BCFG to a maximum of 0.90 BCFG. The 
median EUR value is 0.060 BCFG.

Resource
The undiscovered, technically recoverable gas resource in 

the Clinton-Medina Transitional Northeast AU is estimated (at 
a mean value) to be 1,618.85 BCFG (table 2).

Utica Shale Assessment Unit

Description
Because the Utica Shale was not identified as a potential 

gas reservoir in the 2002 USGS assessment of the Appalachian 
basin, there are no Utica Shale AU boundaries defined in this 
report. If a hypothetical Utica Shale AU had been defined, it 
probably would have been located from eastern Ohio, through 
most of Pennsylvania, to southeastern New York. In this area, 
the Utica Shale is several hundred feet thick, has TOC values 
between 1 and 3, and has thermal maturity values above the 
threshold for dominant thermal gas generation. Also, eastern 
Ohio has potential for oil associated with the natural gas.
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