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ABSTRACT

Thewidespread distribution, favorable reservoir characteristics, and
depth make the Lower Devonian Oriskany Sandstone a viable se-
questration target in theAppalachian Basin. TheOriskany Sandstone
is thickest in the structurally complex Ridge and Valley Province,
thins toward the northern and western basin margins, and is even ab-
sent in other parts of the basin (i.e., the no-sand area of northwestern
Pennsylvania). We evaluated four regions using petrographic data,
core analyses, and geophysical log analyses. Throughout the entire
study area, average porosities range from 1.35 to 14%. The most no-
table porosity types are primary intergranular, secondary dissolution,
and fracture porosity. Intergranular primary porosity dominates at
stratigraphic pinch-out zones near the Oriskany no-sand area and
at the western limit of the Oriskany Sandstone. Secondary porosity
occurs from dissolution of carbonate constituents primarily in the
combination-traps natural gas play extending throughwestern Penn-
sylvania, westernWest Virginia, and eastern Ohio. Fracture porosity
dominates in the central Appalachian Plateau Province and Valley
andRidge Province. Based on average porosity, themost likely regions
for successful sequestration in theOriskany interval are (1) updip from
Oriskany Sandstone pinch-outs in easternOhio, and (2)western Penn-
sylvania, western West Virginia, and eastern Ohio where production
occurs from a combination of stratigraphic and structural traps. Perme-
ability data,where available,were used to further evaluate the potential
of these regions. Permeability ranges from0.2 to 42.7md. Stratigraphic
pinch-outs at the northern and western limits of the basin have the
highest permeabilities. We recommend detailed site assessments when
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evaluating the sequestrationpotential of a given injection
site based on the variability observed in the Oriskany
structure, lithology, and reservoir characteristics.
INTRODUCTION AND PURPOSE

Four types of geologic reservoirs have the potential to
sequester carbon dioxide (CO2): deep saline forma-
tions, depleted oil and gas fields, carbonaceous shales,
and unmineable coals. Wickstrom et al. (2005) identi-
fied the Lower Devonian Oriskany Sandstone as one
of several potential deep-saline formations capable of
sequestering carbon in the Appalachian Basin. Factors
used in evaluating deep-saline units for CO2 injection
potential include depth, porosity, permeability, injectiv-
ity, reservoir pressure, and water chemistry. In addition
to these physical reservoir characteristics, evaluating the
reservoir seals (overlying, underlying, and lateral) that
will prevent postinjection migration of CO2 is also nec-
essary (Wickstrom et al., 2005).

The estimated volumetric storage capacity of CO2

in the Oriskany Sandstone is 194.3 gigatonnes (1.912 �
1011 tons) (Midwest Regional Carbon Sequestration
Partnership [MRCSP], phase I study; Wickstrom et al.,
2005). The volumetric storage capacity measures the
amount of CO2 that can be retained in the pore space
of a particular formation and in saline formations as-
sumes that brine is completely replaced with CO2. The
calculation essentially estimates the total pore volume
based on reservoir geometry and porosity. Carbon diox-
ide density, temperature, and pressure are also factored
into the equation. Based on these assumptions and pre-
viously published data (no detailed porosity studies were
conducted by the MRCSP during the phase I study), the
Oriskany is a viable target for carbon sequestration, but
local variations in lithology and structure make more
detailed studies necessary prior to injection into the
Oriskany Sandstone. The purpose of this article is to
examine site-specific Oriskany reservoir data to deter-
mine how geographic and stratigraphic variations influ-
ence the sequestration potential of this particular unit
and to recommend the most likely sites for the success-
ful sequestration of CO2 in the Oriskany Sandstone.
ORISKANY SANDSTONE

TheOriskany is Devonian in age. It is overlain by differ-
ent rocks within the North American Onesquethawan
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stage and varies in lithology from limestone to chert to
shale moving from west to east across the basin (Basan
et al., 1980). Basal sand units of the Onondaga Lime-
stone and Bois Blanc Formation may directly overly
the Oriskany, and distinguishing the contact between
the two may be difficult (Diecchio, 1985). These over-
lying units include the Bois Blanc Formation in Ohio
and northwestern Ohio, the Onondaga Limestone in
West Virginia, the Huntersville Chert in central and
southwestern Pennsylvania, and the Needmore Shale
in south-central Pennsylvania and Maryland (Basan
et al., 1980) (Figure 1).

The Oriskany Sandstone was originally named for
pure white fossiliferous quartz arenites that crop out
above the town of Oriskany Falls, Oneida County, New
York (Vanuxem, 1839). Quartz arenites to calcareous
sandstones and sandy limestones are now recognized
Oriskany lithologies throughout the Appalachian Basin
(Basan et al., 1980). The amount of carbonate material
in the rock varies as a function of the depositional environ-
ment, with higher energy environments lacking signifi-
cant fossil material and finer grained material. The
Oriskany is widely accepted as deposited in a marine
environment, but the literature varies in regard to the
specific depositional facies that are recognized. Envi-
ronmental interpretations range from shallow to deeper
subtidal (Barrett and Isaacson, 1977) to nearshore-
shallow water (Stowe, 1938) and beachface environ-
ments (Swartz et al., 1913). Welsh (1984) and Bruner
(1988) offered a more specific interpretation of the Oris-
kany’s environmental setting, suggesting deposition as
tidal ridges and submarine dunes.

The Atlas of Major Appalachian Gas Plays (Gas
Atlas; Roen andWalker, 1996) is the most comprehen-
sive published report summarizing the Oriskany Sand-
stone as a natural gas reservoir and provides a thorough
summary of earlier works examining the stratigraphy
and reservoir properties of the unit. TheGas Atlas clas-
sifies the Oriskany Sandstone into four different natu-
ral gas plays within the Appalachian Basin. These plays,
moving east to west across the study area, are (1) Dos:
Lower Devonian structural play; (2) Dho: fractured
Middle Devonian Huntersville Chert, and Lower De-
vonian Oriskany Sandstone; (3) Doc: Lower Devonian
Oriskany Sandstone combination structural and strati-
graphic traps; and (4) Dop: Lower Devonian Oriskany
Sandstone updip permeability pinch-out (Figure 2). The
criteria used in delineating the Oriskany Sandstone in
theGas Atlas are also useful in evaluating their CO2 se-
questration potential. Consequently, the same boundaries



were used for making site-specific characterizations as
part of the current study.
METHODS

Theprimary goal of this studywas to interpret the diage-
netic history of theOriskany Sandstone, particularly in
relation to the distribution of porosity and permeability.
Potential CO2 sequestration site characterization was
based on multiple criteria, including core data (porosity
and permeability), petrographical evaluation, and geo-
physical log calculations. Samples, existing petrophysi-
cal data, and geophysical logs from Ohio, West Virginia,
Pennsylvania, New York, and Maryland were used to
perform these evaluations. The type and number of
samples collected and analyzed varied among plays.

We described core and collected Oriskany samples
from eight wells in Ohio and two wells in Pennsylvania.
Thin sections were analyzed for seven of these wells.
Four of these samples and three additional samples
were studied in more detail using scanning electron mi-
croscopy (SEM) and energy-dispersive electron x-ray
spectroscopy (EDS). Ninety-one thin sections were
analyzed, and 37 samples were studied using SEM.

A Leica DML polarizing microscope equipped
with a Leica DFC camera was used for all transmitted
light microscopy. A Hitachi S-2600N variable pressure
scanning electronmicroscopewas used for both the back-
scattered and secondary electron detection imaging. All
samples were unembedded and unpolished. Elemental
composition of selected samples was determined using
Quartz Imaging System’s Quartz XOne EDS package
with a Gresham Sirius 10/UTW/SEM detector.

Geophysical logs in Log ASCII Standard format
were used for all log calculations in the study. The IHS
PETRA® software was used to calculate isopach thick-
ness, average porosity, and porosity feet. Gross values
Figure 1. Generalized regional stratigraphic chart of the middle Silurian to Middle Devonian interval identifying potential sequestration
targets (black) and confining units (gray).
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are reported herein because no-sand or porosity cutoff
values were considered in the calculations. Bulk density
curveswere used to calculate density porosity, and ama-
trix density (rho) of 2.68 and a fluid density of 1.0 were
used for these calculations. When available, porosity
was recorded directly from density- or neutron-porosity
curves. We used the average porosity value of density-
porosity curves and calculated density porosity when
both log types were available. Seventy-three logs were
used to calculate porosity. Log coverage was variable,
with 14 logs from New York, 18 from Pennsylvania,
35 from Ohio, and 6 from West Virginia.
RESULTS

Throughout the Appalachian Basin, the Oriskany is a
tight sandstone with matrix porosities in the micro-
190 Sequestration Potential of the Oriskany Sandstone
darcy (<1md) and lowmicrodarcy range. Porosity values
range from 0.5 to 15% but on average are low, ranging
from 4.0 to 6.0% (Basan et al., 1980; Flaherty, 1996;
Harper and Patchen, 1996; Patchen and Harper, 1996;
this study). Reservoir characteristics vary considerably
across the basin and even within individual gas plays,
but themagnitude of variation in porosity andpermeabil-
ity measurements is not always significant, and some-
times minor changes in these values were used to identify
sweet spots. The four natural gas plays are ranked as fol-
lows (frommost to least favorable target area): (1) com-
bination traps play (Doc), (2) updip pinch-out play
(Dop), (3) fractured Huntersville Chert and Oriskany
Sandstone play (Dho), and (4) structural play (Dos).
The following criteria were used in ranking plays and
identifying sweet spots: porosity, permeability, depth,
and reservoir thickness. Available cap-rock data were
also included in the analysis.
Figure 2. Map showing the location of four Oriskany Sandstone plays in the Appalachian Basin. Play boundaries defined are by Roen
and Walker (1996).



ORISKANY SANDSTONE COMBINATION TRAPS
PLAY (DOC)

TheOriskany Sandstone combination traps play (Doc)
is adjacent to the eastern border of the updip pinch-out
play and ranges from 25 to 50 mi (40–80 km) wide. It
extends from southwesternNewYork through northwest-
ern Pennsylvania and eastern Ohio into western West
Virginia (Figure 2).Within this play, theOriskany lies be-
tween the overlying Huntersville Chert and Onondaga
Limestone and the underlying Helderberg Limestone.
Subsea depths range from 2500 ft (762 m) in north-
western Pennsylvania, New York, and Ohio to 6000 ft
(1829 m) in areas of Pennsylvania adjacent to the Oris-
kany no-sand zone (Figure 3). TheOriskany is thickest in
southern West Virginia at 200 ft (61 m) and thins to 0 at
the western and northern edge of the play in Ohio, Penn-
sylvania, and New York (Patchen and Harper, 1996).

The play is defined by both stratigraphic and struc-
tural traps. The western edge is defined by the western-
most extent of small structures, and the eastern bound-
ary is defined by the western limit of the detached folds
in theOriskany Sandstone (Patchen andHarper, 1996).
Oriskany production relates to structural deformation
in four structural provinces in the Appalachian Basin:
the eastern overthrust province, the high-amplitude
fold province, the low-amplitude fold province, and
thewestern basin province (Diecchio, 1985). Structural
complexity increases from west to east across the four
provinces, and the combination traps play falls within
the areas of least structural deformation: the western
basin and low-amplitude fold provinces (Diecchio,
1985). The low-amplitude fold province is a low up-
land defined by prominent surface and subsurface
folds; however, fewer folds exist than observed in
the high-amplitude fold province to the east. The west-
ern basin is the area west of the limit of detachment
and prominent folding. The folds in this province are
few in number and low in relief (Patchen and Harper,
1996).
Figure 3. Structure contour map of the Oriskany Sandstone in the Appalachian Basin. Contours are based on subsea elevations.
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Petrophysical Evaluation

Reservoir characteristics of the Oriskany Sandstone
within the Doc were evaluated using two whole rock
cores and geophysical logs from 30 wells. The data in-
dicate considerable variability in lithology, porosity,
and permeability within the play, but the northern half
of the play and near the updip permeability pinch-out
boundary to the west represents the Oriskany Sand-
stone with the most favorable characteristics observed
in the basin.

Porosity values for the Doc play are the highest ob-
served in this study. Thirty neutron- and density-porosity
logs from Ohio, West Virginia, and Pennsylvania were
evaluated, and the average porosity was determined to
be 5.3%. Theminimumporosity, 0.73%, was calculated
from a well in McDowell County, West Virginia, and a
maximum porosity of 12.8% was calculated in a well
from Beaver County, Pennsylvania. Porosity and per-
meability values from the Jones and McLaughlin Steel
Corporation 1 well in Beaver County, Pennsylvania,
and an additional core analysis from the T.D. Herren
2 well (Core 2914), Mahoning County, Ohio, were in-
cluded in this study. Thin sections frommultiple depths
throughout the Oriskany interval in Core 2914 were
also analyzed.

Core and Petrographic Data

The Jones and McLaughlin Steel Corporation 1 well
was drilled in 1960 for wastewater disposal, and the
Onondaga through Oriskany interval was cored and
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sampled for porosity and permeability analyses. Twenty-
two samples, from randomly selected depths, starting at
5388 ft (1642 m), the top of the Oriskany Sandstone to
5426 ft (1654 m), and the top of the Helderberg Lime-
stone, were analyzed for porosity and permeability by
the Pennsylvania Geological Survey. The average poros-
ity in this zone is 3.9%, with a maximum value of 6.4%
at 5410 ft (1650 m) and a minimum porosity of 0.02%
at 5389 ft (1643m). Permeability averages 1.6md, with
values ranging from 0.2 to 4.6 md.

Core 2914 is from the T.D. Herren 2 well in Ma-
honing County, Ohio. The well was drilled in 1962 and
produces from the Oriskany and Medina Group sand-
stones. Wireline logs reveal that the Oriskany occurs
between 3317 and3332 ft (1011 and 1016m). TheOris-
kany was cored from 3324 to 3337 ft (1013 to 1017m).
Seven samples were collected at various depths along
this cored interval.

At this location, the Oriskany is primarily a quartz
arenite with interbedded sandy limestones and calcar-
eous sandstones. The quartz arenites consist of fine tome-
dium subrounded quartz grains with minor amounts of
intergranular calcite cement and quartz overgrowth ce-
ment. Rock fragments are also common in these quartz
arenites. The calcareous units are darker in color because
of increased argillaceous material. Argillaceous lamina-
tions, stylolites, and some minor fractures occur in the
carbonate-rich units. Fossil assemblages are dominated
by brachiopods, echinoderms, and mollusks. Calcite
and quartz cements are observed in the quartz arenites.
Quartz cementation occurs as syntaxial overgrowths
(Figure 4a), and calcite cements have primarily blocky
Figure 4. (a) Secondary electron SEM images of syntaxial quartz overgrowths (Q) reducing intergranular porosity. Pressure solution
pits on quartz grains are coated with illite. (b) Photomicrograph of porosity textures in the Doc play. Porosity types include moldic (M),
oversized (O), and enlarged intergranular (I). Both images are from Core 2914, Mahoning County, Ohio.



and equant morphologies. Only calcite cement is ob-
served in the carbonate-rich units.

Primary intergranular porosity is partially preserved
in some of the quartz arenite units in Core 2914, but it
is mostly reduced or eliminated by cementation in the
carbonate-rich units. Secondary porosity dominates in
carbonate-rich units where dissolution of cement and
framework grains create oversized pores averaging
0.031 in. (0.8 mm) in diameter (Figure 4b). Moldic
and interconstituent void textures contribute a minor
amount to the porosity of the unit. Measured porosity
values in the sandstones range from 4.2 to 6.2%, with an
average value of 5.2%. Permeability to air ranges from
1.22 to 1.51 md (average 1.37 md).

Suitability

The above data indicate theDoc as the playwith themost
potential for CO2 sequestration in the Appalachian Ba-
sin. This play falls within the least structurally complex
section of the Appalachian Basin, thereby reducing
the likelihood of seal problems associated with highly
fractured or open-fractured areas. Throughout the play,
sandstones occur at depths greater than 2500 ft (762m),
which is the depth necessary to obtain adequate mini-
mum miscibility pressures. Although measured poros-
ities and permeabilities are not very high, these values
are relatively large compared to other Oriskany plays
in the basin. The overlying Onondaga Limestone, with
an average porosity of less than 1% and an average per-
meability of 0.01 md, would form a sufficient seal over
this target. Table 1 summarizes porosity and perme-
ability measurements for the Doc play.

UPDIP PINCH-OUT PLAY (DOP)

The Oriskany updip pinch-out play (Dop) extends lin-
early from Ashtabula County, Ohio, in the north to
Jackson County, West Virginia, in the south (Opritza,
Table 1. Summary of all Available Porosity and Permeability Data from Each of the Four Natural Gas Plays*
Log Evaluation
 Core Analysis
Kostelnik and Carte
Porosity
 Permeability
 Porosity
Play
 Samples
 Depth Range (ft)
 Range
 Average
 Range
 Average
 Range
 Average
 Porosity Types
Doc
 30 logs,
2 core analyses
(Beaver County,
Pennsylvania;
Mahoning County,
Ohio)
2500–6000
 0.7–12.8
 5.2
 0.2–4.6
1.2–1.5
1.6
1.37
0.02–6.4
4.2–6.2
3.9
5.2
Primary
intergranular;
dissolution
Dop
 5 logs,
4 cores,
1 core analysis
(Noble County,
Ohio)
1000–4000
 1.1–10.0
 6.6
 <0.1–185
 42.7
 1.8–8.8
 5.7
 Primary
intergranular;
dissolution
Dho
 13 logs,
1 core analysis
(Fayette County,
Pennsylvania)
0–6500
 1.8–7.2
 4.0
 0.0012–0.0032
 0. 8–1.0
 Fracture
(minor)
Dos
 12 logs,
1 core analysis
(Tioga County,
Pennsylvania)
0–7500
 0.5–7.3
 4.2
 0.8–1.8
 1.5
 <0.1–0.4
 0.2
 Fracture
(minor)
*All porosity and permeability data are from depths greater than 2500 ft (762 m).
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1996) and includes parts of Ohio,West Virginia, Penn-
sylvania, and New York. This play also occurs in north-
western Pennsylvania adjacent to Oriskany no-sand
areas (Figure 2). The Oriskany deepens and thins to-
ward the southern part of this play and is approxi-
mately 1000 ft (305 m) deep in northeastern Ohio
and deepens to a maximum depth of 4000 ft (1219 m)
in Jackson County, West Virginia (Figure 3). The Oris-
kany isopach map published by Opritza (1996) shows
a maximum thickness of approximately 60 ft (18 m),
with an average of 10 to 20 ft (3–6 m) in the most pro-
ductive zones.

Petrophysical Evaluation

To thoroughly evaluate the Dop play, we analyzed all
available samples regardless of depth. Only samples
and geophysical logs from southeastern Ohio and west-
ern West Virginia, where the Oriskany is deeper than
2500 ft (762 m) (Figure 3), however, were considered
when evaluating the suitability of the Oriskany as a se-
questration target within this particular play. Samples
were collected and analyzed from eight Ohio sites lo-
cated in Ashtabula, Lake, Guernsey, Morgan, Noble,
and Summit counties. Thin sections from Erie County,
Pennsylvania, were also analyzed. Existing porosity and
permeability data for the Oriskany Sandstone in the
Lowe Caldwell 1 well, located in Noble County, Ohio,
were also provided by the Ohio Division of Geological
Survey (ODGS).

The porosity of the Dop play was calculated from
neutron- and density-porosity logs from 15 wells in
Ohio and one well inWest Virginia. The average poros-
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ity is 10.5%, with a maximum of 14.8% occurring in
Lake County, Ohio, at the northern end of the play.
A minimum porosity of 1.1% was measured in Tusca-
rawas County, Ohio, in a well located just north of the
John Sayer 1 well, which contains carbonate material
exceeding 30%of the total rock composition in theOris-
kany interval. The low porosity in this well is likely
caused by deposition in a lower energy environment,
where considerable amounts of carbonatemudmay ac-
count for the increase in the carbonate cement present.
No samples from this well were available for thin sec-
tion or SEM analysis.

Core and Petrographic Data

Within the Dop play, the Oriskany Sandstone ranges
from a pure quartz arenite to a calcareous sandstone with
up to 30% carbonate material. In Erie County, Pennsyl-
vania, and Ashtabula County, Ohio, near the northern
boundary of the play, the Oriskany is a quartz arenite
withminor amounts of carbonatematerial (grains and ce-
ment) (Figure 5a). Clastic rock components include
95%microcrystalline quartz, rock fragments, and minor
amounts of glauconite, feldspar, rutile, and zircon. The
Oriskany Sandstone is more carbonate rich in the south-
ern and central regions of the play (Figure 5b). Although
calcareous sandstones become dominant in these loca-
tions, they are interbedded with cleaner quartz arenites.

Calcareous sandstones and quartz arenite interbeds
comprise the Oriskany Sandstone in the John Sayer 1
wellODGSCore 2876,GuernseyCounty,Ohio.Micrite
cement fills the intergranular space in the rock. Brachio-
pod, bryozoan, echinoderm, and mollusk fragments
Figure 5. (a) Typical quartz arenite from the northern Dop play, Ashtabula County, Ohio. The primary intergranular porosity is partially
preserved (P). (b) Sandy limestone observed in the central Dop play, Guernsey County, Ohio.



range in size fromsmall fragments (<0.0039 in. [0.1mm])
to coarse grains (>0.039 in. [1 mm]) (Figure 5b).

The diagenetic processes observed in the Dop in-
clude cementation, dissolution, replacement (micritiza-
tion), and compaction.Dissolution and cementation are
the most important of these processes because they
have the most direct impact on the creation and reduc-
tion of porosity and permeability. Quartz, calcite, and,
to a lesser extent, dolomite are the cements observed
throughout the play. Precipitation of cements was ama-
jor process early in the diagenetic history of these rocks,
shortly following deposition and later during burial.
Quartz overgrowth cements formed on detrital grains.
Variable calcite cementation followed. The calcite ce-
ment ranges from coarse equant crystals to fine-grained
micrite. Cementation reduces the primary intergranular
porosity in these rocks and the connectivity of the re-
maining pore space, but where carbonatematerial is ab-
sent, primary porosity is preserved.

Dissolutionof carbonatematerial is observed as a par-
tial or complete leaching of carbonate grains and carbon-
ate cement. In some cases, moldic porosity textures are
observed where complete grain dissolution has occurred.

Compaction is a physical process that leads to poros-
ity reduction through a change in packing, translation,
fracturing, and plastic deformation of detrital grains
(Pettijohn et al., 1987). In theseOriskany samples, com-
paction is revealed by the presence of stylolites observed
in core and thin section. Compaction contributes to
porosity reduction by pressure solution and reprecipi-
tation. Pressure solution occurs at point contacts be-
tween quartz grains, increasing solubility and causing
the grains to preferentially dissolve and eventually re-
precipitate as quartz overgrowth cements (Pettijohn
et al., 1987). This is a late-stage diagenetic process asso-
ciated with burial.

TheLoweCaldwell Unit 1well, NobleCounty,Ohio,
was drilled to a depth of 5510 ft (1679 m) and targeted
the Medina/Clinton Sandstone. The entire Oriskany in-
terval, extending from3961 to 3972 ft (1207 to 1211m),
was cored. TheOriskany is a white-gray calcareous sand-
stone with abundant brachiopod fragments. Permeabil-
ity ranges from less than 0.1 to 185md. The average per-
meability is 42.7 md. The highest permeability zone
occurs at 3864.1 to 3865.6 ft (1177.8 to 1178.2 m). The
average porosity is 5.7%.

Suitability

The Dop play has the highest permeability and second
highest porosity (6.1 and 42.7 md, respectively) ob-
served in the Appalachian Basin. The shallow depth in
the northern part of the play is the only factor that limits
the potential of the Oriskany as a sequestration target.
Table 1 summarizes porosity and permeability measure-
ments and observations of the Dop at depths greater or
equal to 2500 ft (762 m). These measurements justify
the southern part of the Dop play as a potential Oriskany
sweet spot.

FRACTURED HUNTERSVILLE CHERT AND
ORISKANY PLAY (DHO)

The fracturedMiddle Devonian Huntersville Chert and
Lower Devonian Oriskany Sandstone play (Dho) ex-
tends from central to southwestern Pennsylvania into
West Virginia and eastern Maryland (Figure 2). The
Huntersville Chert ranges from less than 100 ft (30 m)
thick at the northern limit of the play in Forest and Elk
counties, Pennsylvania, to a maximum thickness of 250 ft
(76 m) in southwestern Pennsylvania and northern West
Virginia. InMercer County,West Virginia, the chert is less
than 100 ft (30 m) thick. The Oriskany ranges from 17 ft
(5 m) thick in the northern and western edges of the
play to 241 ft (73 m) in the southeastern fields, aver-
aging 68 ft (21 m) (Flaherty, 1996). With the exception
of structural highs near the southeastern play boundary,
the Oriskany occurs below the 2500-ft (762-m) seques-
tration cutoff depth (Figure 3). Structurally, the fields
are situated along faulted and offset anticlines in the Al-
legheny Plateaus Province (Flaherty, 1996).

Petrophysical Evaluation

Neutron- and density-porosity logs were evaluated
from 13 wells in Pennsylvania andWest Virginia. Total
porosity values range from 1.8 to 7.2%, with an average
porosity of 4%. If matrix porosity (as determined by sonic
logs) is known along with total porosity, the fracture po-
rosity of the reservoir can be determined. Because frac-
ture porosity is the dominant type observed in the North
Summit Storage pool, this type of geophysical data is
necessary for making meaningful assessments of the res-
ervoir. Sonic log data are only available for the G.E.
Klayer 1 well, located northeast along strike, of both
theLeoF.Heyn1 discoverywell and theR.H.Heynwell
(Figure 6). The total porosity in the G.E. Klayer 1 well,
indicated by neutron- and density-porosity curves,
ranges from 1 to 15%, and the matrix porosity ranges
from 1 to 4%. The fracture porosity, calculated using
these total and matrix porosity values, may be as high
Kostelnik and Carter 195



as 14% (Carter and Kostelnik, 2008). The Dho play
was further evaluated using thin sections and core de-
scriptions from the R.H. Heyn 1 well in Fayette Coun-
ty, Pennsylvania. We collected eight samples for thin
section, SEM, and EDS analysis and conducted stan-
dard core analysis on two samples from the coarsest
zone in the sandstone interval.

Core and Petrographic Data

In the R.H. Heyn well, the Oriskany occurs from 6824
to 6930 ft (2080 to 2112 m). The core is missing from
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6842 to 6848 ft (2085 to 2087 m) and 6858.2 and
6863.4 ft (2090.3 and 2092 m), which yields a thick-
ness of 88 ft (27 m). Based on the gamma-ray response,
the cleanest Oriskany Sandstone zone occurs between
6848.5 and 6855 ft (2087.4 and 2089m). TheOriskany
in the North Summit Storage pool is a calcareneous sand-
stone (Pettijohn et al., 1987) composed of 30 to 40%
clastic material and 60 to 65% carbonate components
(Figure 7). The most common fossil allochems are bra-
chiopods and mollusks, but other fragments, including
trilobites and echinoderms, are also present. The largest
fossil fragments, 0.12 to 0.16 in. (3 to 4 mm) in length,
Figure 6. Map of the North
Summit storage field showing
the location of the G.E. Klayer 1
and R.H. Heyn wells.



are brachiopods and mollusks. Some of the skeletal ma-
terial is concentrated in lenses or thin beds, but allochems
appear throughout the unit. Quartz is the major detrital
component. Accessoryminerals include rutile and zircon.
Rock fragments are present but not common. Subangu-
lar and subrounded quartz grains are very fine to fine
grained. Argillaceous material occurs throughout the
entire Oriskany interval and is concentrated along stylo-
lites. Within the clean Oriskany zone, 6848.5–6855 ft
(2087.4–2089 m), quartz is slightly more abundant, and
argillaceous material is rare.

The Oriskany Sandstone in the R.H. Heyn well has
the least favorable reservoir characteristics we observed
in this study. Measured porosity ranges from 0.8 to
1.0%, and the unit is essentially impermeable with
measured permeability to air ranging from 0.0012 to
0.0032 md. Fractures may increase porosity in some
areas of the play, but all observed fractures were filled
with late-stage calcite, quartz, and pyrite (Figure 8).
Some of the fracture-filling (epigenetic) minerals have
undergone minor dissolution, which accounts for a
small amount of secondary porosity in these rocks.
Very little intergranular porosity in the Oriskany Sand-
stone in the Leo F. Heyn 1 well is observed. The only
notable porosity is associated with fracture and minor
dissolution of skeletal material associated with these
fractures.

Suitability

The Oriskany falls within the proper depth range within
the Dho play, but variations of considerable magnitude
in calculated and measured porosities and lithologies
make it impossible to draw general conclusions about
the suitability for injection in this play. Reservoir lithol-
ogy is not consistent, varying from calcareous sandstones
to sandy limestones. Measured porosity and permeabil-
ity values are very low (Table 1). Porosity calculations
in the G.E. Klayer 1 well (Fayette County, Pennsylva-
nia) suggest that fracturing may considerably increase
porosity, but evidence exists that these fractures have
beenmostly healed. In addition, the complex structural
nature of the play complicates the lateral continuity of
the reservoir and may compromise seal integrity. The
vertical communication with the Huntersville Chert
in this play means that the chert will also need to be
included in any site-specific evaluations conducted in
the future.
Figure 7. Mixed calcareneous sandstone from the R.H. Heyn
well, Somerset County, Pennsylvania. Quartz grains (Q) are
subrounded, and carbonate material consists of mollusk frag-
ments (M) and blocky calcite cement (C).
Figure 8. Fracture porosity is partially preserved in this core
sample from the R.H. Heyn well, Somerset County, Pennsylvania.
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STRUCTURAL PLAY (DOS)

TheOriskany Sandstone structural play (Dos) is the east-
ernmost Oriskany play in the Appalachian Basin and
extends from New York through central Pennsylvania,
south to western Maryland, and eastern West Virginia
(Figure 2). The play is divided into three subplays based
on structural type and whether or not stratigraphic trap-
ping mechanisms are also observed (Harper and Patchen,
1996). The three subplays include (1) the Valley and
Ridge subplay, (2) the Appalachian Plateau subplay,
and (3) the combination structure/pinch-out subplay
in New York, which also includes pools adjacent to the
Oriskany no-sand areas in northwestern Pennsylvania.
The Valley and Ridge subplay consists of multiple east-
dipping thrust sheets and is situated in south-central
Pennsylvania, west-central Maryland, easternWest Vir-
ginia, and northwestern Virginia. The Appalachian Pla-
teau subplay occurs at the western and northern bound-
aries of the play and results from complex structures
originating through detachment in Silurian salt beds and
Ordovician shales. The combination structure/pinch-
out subplay is identical with the Appalachian Plateau
subplay, with the exception of stratigraphic trapping
and diagenetic changes observed adjacent to pinch-out
areas (Harper and Patchen, 1996).

Oriskany thicknesses in the Dos play range from 0
to more than 300 ft (91 m). Adjacent to the Oriskany
no-sand area, the reservoir sandstone typically averages
between 10 and 30 ft (3 and 9 m) thick (Finn, 1949;
Abel andHeyman, 1981;Opritza, 1996). Thicker zones
of Oriskany typically occur in the more structurally com-
plex areas where thrusting and vertical repetition of beds
cause apparent thicknesses up to as much as 350 ft
(107 m) in western Maryland (Harper and Patchen,
1996; Patchen and Harper, 1996). The Oriskany out-
crops in parts of Pennsylvania andMaryland and extends
to depths of at least 7500 ft (2286m) in Bedford County,
Pennsylvania. On structural highs, the Oriskany may be
present at depths shallower than 2500 ft (762m),which
would make it unsuitable for geologic sequestration in
these locations (Figure 3).

Petrophysical Evaluation

Geophysical logs from Pennsylvania and New York and
an existing core from the Theodore C. Sipe 1 well in
Somerset County, Pennsylvania, were used to evaluate
this play. Nine geophysical logs fromSteuben, Schuyler,
Broome, and Chemung counties, New York, and three
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wells in Somerset County, Pennsylvania, were used to
calculate porosity values. The Somerset wells are lo-
cated within 3 mi (4.8 km) to the west-northwest of
the Theodore C. Sipe 1 well. Somerset County porosity
values range from 0.5 to 2.5%, with an average value of
1.35%. Calculated porosities from the New York geo-
physical logs range from 1.1 to 7.3%, with an average
porosity of 4.2%. Existing core data were obtained from
the BrownHill well, located in Tioga field, Tioga County,
Pennsylvania.

Core and Petrographic Data

The only core in the Dos play available for sampling as
part of the current study is theTheodoreC. Sipe 1well in
SomersetCounty, Pennsylvania.Thiswell, drilled in1979,
was a dry hole targeting the Oriskany Sandstone. The
cored interval is from 8830 to 8902 ft (2691 to 2713 m).
Welsh (1984) interpreted the core as an offshore marine
complex consisting of an overall coarsening-upward se-
quence of the sand bar and shelf sediments. Four deposi-
tional facies are represented in the core: deeper shelf,
interbar (shelf), bar margin, and central bar. Porosity in
most facies is low with the only significant porosity ex-
isting in the central bar facies (Welsh, 1984).

Samples collected from the Theodore C. Sipe 1
well were used for SEM and thin-section analysis. The
interval from 8840.8 to 8884 ft (2694.4 to 2708 m) in-
cludes central bar and bar margin facies. Our sampling
targeted the clean sandstone zones based on the envi-
ronmental interpretations of Welsh (1984). Six of the
samples were made into thin sections, and seven of the
samples were analyzed using SEM.

The Oriskany in the Theodore C. Sipe 1 well is a
very fine to coarse-grained quartz arenite interbedded
with calcareous sandstones. The coarsest sandstones
occur in the central bar facies, and they are commonly
planar to trough cross-bedded. Quartz is the dominant
clastic component in the rock, but we also observed ac-
cessory amounts of rutile, apatite, zircon, and pyrite using
SEM and EDS analysis. The calcareous sandstone inter-
beds represent the interbar (shelf ) environments. Car-
bonate is present as both fossil allochems and cement.
The skeletal assemblage includes echinoderms, brachio-
pods, bryozoans, and somephosphatic skeletalmaterial.
Skeletal grains average 0.020 to 0.039 in. (0.5 to 1 mm)
in size. The carbonate component of these rocks range
from 1 to 30% of the entire rock based on visual estima-
tions. Argillaceous laminations are common in both the
quartz-rich and carbonate zones.



The Oriskany Sandstone in this play is tightly ce-
mented and has low porosity and permeability (Figure 9).
Quartz overgrowths are the most common type of ce-
ment. Carbonate cement occurs as both syntaxial over-
growths and blocky crystal morphologies. The blocky
calcite cement postdates the quartz and calcite over-
growth cements. Rare intercrystalline porosity, revealed
by SEM, and fracture porosity occur in the rocks but are
not significant.

Core datawere collected as part of theTioga expan-
sion project to test the Brown Hill SWD-01 well for in-
jectivity and brine disposal. Core plug and full-diameter
core analysis were performed on the Oriskany Sand-
stone as well as the overlying and underlying confining
Helderberg and Onondaga limestones, respectively.
TheOriskany in thiswell is 35 ft (11m) thick, extending
froma depth of 5231 to 5266 ft (1594 to 1605m).Here,
the Oriskany is a quartz arenite with minor amounts of
feldspar, rock fragments, heavyminerals, and phosphatic
skeletal fragments. The rocks become more fossilifer-
ous with depth (NEHUB Partners, 1996). Twelve core
plugs were collected over the entire interval, and po-
rosity ranged from 0.8 to 1.8%, averaging 1.5%. All per-
meability measurements on core plugs were less than
0.001 md. Full-diameter analysis of six samples over
the Oriskany interval give maximum permeability val-
ues ranging from less than 0.1 to 0.44 md, with an aver-
age value of 0.2 md.

Suitability

Thin-section data and core data show that the Oriskany
Sandstone in the Dos play is tightly cemented with low
porosity and permeability values (Table 1), making this
the most unsuitable location for sequestration in the
Oriskany. Geophysical log evaluation from New York
suggests that some porous zones exist, but core data from
northern Pennsylvania do not support this, and further
study would be necessary to determine what particular
stratigraphic and structural conditions are associated with
these porous intervals. Fracturing may increase porosity
and permeability, but the structural setting of a particular
site would need to be well understood prior to sequestra-
tion planning. In addition, structural complexities may
increase the possibility of seal failure, which further sup-
ports our conclusion that the Dos play is an unsuitable
area for sequestration.

SUMMARY AND CONCLUSIONS

Petrophysical data suggest that the Oriskany Sandstone
may be a viable target for geologicCO2 sequestration, but
geographic and stratigraphic variations in this unit make
basinwide assumptions mostly unreliable. Site-specific
reservoir evaluations will be necessary prior to CO2 injec-
tion. Using the individual play boundaries for the Oris-
kany as defined by the Gas Atlas (Roen and Walker,
1996), we make the following conclusions.

1. The best locations for sequestration in the Oriskany
Sandstone occur in the updip permeability pinch-out
Dop and the combination Doc plays in eastern Ohio
andwestern Pennsylvania. These plays have the high-
est porosity values based on geophysical log data and
core analysis. The porosities in these plays average
Figure 9. Porosity types observed in the Theodore C. Sipe 1 well, Somerset County, Pennsylvania, Dos play. (a) Quartz arenite tightly
cemented by poikilotopic calcite (C) and quartz overgrowths. No visible porosity is seen in this sample taken from 8851 ft (2698 m). (b) Very
minor intercrystalline porosity between illite-coated quartz grains.
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5.7 and 5.2%, respectively. Intergranular porosity
and, to a lesser extent, dissolution porosity are ob-
served in the Dop. Secondary porosity from dissolu-
tion of carbonate grains and cement controls porosity
in the Doc.

2. Well data from the Dho play show high fracture
porosity, but favorable reservoir characteristics are
not observed elsewhere in the play, and the structur-
al complexity of the Oriskany will complicate injec-
tion into the unit at this site. Additional data from
the Dho play are necessary before recommendations
regarding sequestration potential can be made for
this play.

3. Sequestration of CO2 is not recommended for the
Dos play. The tightest Oriskany Sandstone occurs
in this play, with calculated and measured porosities
of less than 2% from Pennsylvania sample locations.
Porosity calculated from geophysical logs in New
York averaged 3.2%.

4. Although the available porosity and permeability
data presented herein provide some insight into po-
tential sequestration sweet spots, they also show the
importance of collecting new data for each individual
site considered for geologic sequestration of CO2.
Geophysical log data are the most readily available
tools for geologists in determining reservoir porosity
and permeability, but the use of core, sample, and
other data is also integral to understanding the struc-
tural setting and diagenetic history of reservoir rocks
such as the Oriskany Sandstone.
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