
5
2

3
4

1
6 7

9 10

11

12

13
14 15

16
17

18

– 10,000

– 11,000

– 12,000

– 13,000

– 14,000

– 15,000

– 16,000

References
Barnes, D.A., Bacon, D.H. and Kelley, S.R., 2009, Geological sequestration of carbon dioxide

in the Cambrian Mount Simon Sandstone: Regional storage capacity, site characterization,

and large-scale injection feasibility, Michigan Basin: Environmental Geosciences, v. 16,

p.163–183.

Battelle, 2011a, CO2 injection test in the Cambrian-age Mount Simon Formation, Duke Energy

East Bend generating station, Boone County, Kentucky: U.S. Department of Energy,

National Energy Technology Laboratory, Final contract report DE-FC26-05NT42589, 890

p.

Battelle Memorial Institute, 2011b, Midwest Regional Carbon Sequestration Partnership,

Phase II final report: U.S. Department of Energy, National Energy Technology Laboratory,

Final Contract Report DE-FC26-05NT42589 88 p.

Berg, T.M., Edmunds, W.E., Geyer, A.R., compilers, 1980, Geologic map of Pennsylvania [2nd

ed.]: Pennsylvania Geological Survey, 4th ser., Map 1, 3 sheets, scale 1:250,000.

Carter, K.M., Kostelnik, J.J., Laughrey, C.D., Harper, J.A., Barnes, D.A., Harrison, W.B., III,

Venteris, E.R., McDonald, J., Wells, J.G., Wickstrom, L.H., Perry, C.J., Avary, K.L., Lewis,

J.E., Hohn, M.E., Stolorow, A., Slater, B.E., and Greb, S.F., 2010, Characterization of

geologic sequestration opportunities in the MRCSP region, Middle Devonian–Middle

Silurian formations—MRCSP phase II topical report, October 2005–October 2010: Midwest

Regional Carbon Sequestration Partnership, report submitted to Battelle Memorial Institute

and U.S. Department of Energy, Cooperative Agreement No. DE-FC26-05NT42589, 150 p.

Faill, R. T., compiler, 2011, Folds of Pennsylvania—GIS data and map: Pennsylvania

Geological Survey, 4th ser., Open-File Report OFGG 11–01.0, scale 1:500,000

Gold, D.P., Alexander, S.S., Cakir, R., compilers, 2005, Basement depth and related

geospatial database for Pennsylvania: Pennsylvania Geological Survey, 4th ser., Open-

File Report OFGG 05–01.0, scale 1:500,000

Greb, S.F., Riley, R.A., Bowersox, J.R., Solis, M.P., Rupp, J.A., Kelley, M., Harris, D.C., and

Gupta, N., 2012, Ordovician Knox carbonates and sandstones of the eastern Midcontinent:

Potential geologic carbon storage reservoirs and seals, in Derby, J.R., Fritz, R.D.,

Longacre, S.A., Morgan, W.A., and Sternbach, C.A., eds., The great American carbonate

bank: The geology and economic resources of the Cambrian-Ordovician Sauk

Megasequence of Laurentia: American Association of Petroleum Geologists Memoir 98,

no. 45, p. 1077–1101.

McCoy, C.T., 2017, Reservoir characterization of the Mines and Upper Sandy members of the

Upper Cambrian Gatesburg Formation in Conneaut Field, Crawford and Erie counties,

Pennsylvania: Senior comprehensive project, Allegheny College, Meadville, PA, 44 p.

Medina, C.R., Rupp, J.A., Avary, K.L., Venteris, E.R., Barnes, D.A., Harper, J.A., Greb, S.F.,

Slater, B., Stolorow, A., and Sminchak, J., 2012, A regional characterization and

assessment of geologic carbon sequestration opportunities in the Upper Cambrian Mount

Simon Sandstone in the Midwest Region: Period of performance—October 2005–October

2010: U,S, Department of Energy Cooperative Agreement No. DE-FC26-05NT42589, 40 p.

Medina, C.R., and Rupp, J.A., 2012, Reservoir characterization and lithostratigraphic division

of the Mount Simon Sandstone (Cambrian): Implications for estimations of geologic

sequestration storage capacity: Environmental Geosciences, v.19, p. 1–15.

Mishra, S., Hawkins, J., Barclay, T.H. and Harley, M., 2014. Estimating CO2-EOR potential

and co-sequestration capacity in Ohio's depleted oil fields. Energy Procedia, v. 63, p.

7785–7795.

National Energy Technology Laboratory (NETL), 2015, NATCARB atlas: 

www.netl.doe.gov/research/coal/carbon-storage/natcarb-atlas

The Cambrian Mount Simon Sandstone is thick, porous and

permeable on the western end of the cross section, and is used for

industrial waste disposal near Gary, Indiana (wells 1-3 in cross section).

The Mount Simon Sandstone is one of the primary potential carbon

storage intervals in the region (Barnes et al., 2009; Medina and Rupp,

2012; NETL, 2015), The Mount Simon Sandstone dramatically thins as it

shallows toward the Findlay Arch. To the east, the Basal sand in Ohio

and Potsdam Sandstone in Pennsylvania are also potential reservoirs

above Precambrian basement. Other potential deep reservoirs in the

Appalachian Basin include parts of the (1) Upper Cambrian Copper

Ridge Dolomite, Rose Run Sandstone, and downdip-equivalent Upper

Sandy Member of the Gatesburg Formation, (2) Lower Silurian Cataract-

Medina Group (including the Grimsby Sandstone), (3) Middle to Upper

Silurian Lockport Dolomite, and (4) Upper Silurian Bass Islands

Dolomite. Natural gas is stored in these units at shallow depths in

eastern Ohio, western New York and Pennsylvania, including near wells

10, 11, 15, 16, and 17 (see orange color on oil and gas map). Information

about the reservoir characteristics and carbon storage potential of these

units can be found in MRCSP and associated reports (Wickstrom et al.,

2005; Carter et al., 2010; 2012; Riley et al., 2010; Battelle Memorial

Institute, 2011a, b; Greb et al., 2012; Medina et al., 2012; McCoy, 2017).

The eastern half of the cross section crosses, or is proximal to

numerous oil and gas fields. CO2 can be used for enhanced oil recovery

(EOR) in conventional reservoirs, enhanced gas recovery (EGR) in

unconventional reservoirs, as well as for repressurizing depleted

reservoirs (e.g., NETL, 2015), especially in hydrocarbon accumulations

encountered at depths greater than approximately 2,600 ft. Although

many of the fields shown on the oil and gas map produce at depths

shallower than 2,600 ft, some of these fields may exhibit unique

pressure and temperature conditions that promote near-miscible

conditions, and several deeper fields have potential for EOR or EGR via

miscible CO2 floods. Outlined and named fields on the inset oil and gas

map are discussed in MRCSP Phase 3 reports. Just south of the cross

section, the East Canton Field has significant EOR potential (e.g.,

Mishra et al., 2014) from reservoirs in the Silurian Clinton-Medina

interval. A small-scale field test of CO2 injectivity and modeling of the

Silurian Clinton sands in the field had positive results (Riley et al., 2009).

Several other Clinton fields, including the Sheakleyville and Lakeshore

fields, may also have CO2 EOR potential. In western Pennsylvania,

fields developed in sandstones of the Upper Devonian Bradford and

Venango Groups may have immiscible CO2 EOR potential in the

Conneaut and Kane fields. Devonian organic-rich shales may also have

potential for CO2 EGR (Nuttall, 2010; Patchen and Carter, 2015; Schmid

and Markowski, 2017). More information about CO2 storage and

enhanced oil and gas possibilities with CO2 in the region are available at

the MRCSP website (mrcsp.org), and in published reports summarizing

research (Wickstrom et al., 2005; Riley et al., 2010; Battelle, 2011b; see

Phase 3 reports).

Oil and gas fields of the study region. Text in italics identifies general interval in which fields produce. Enhanced oil and gas recovery with 
CO2 may be possible in some areas (e.g., Riley et al., 2010). Specific fields mentioned in MRCSP Phase 3 reports relative to enhanced oil 
and gas recovery are labeled and outlined with dashed lines. For more information, see phase 1, 2, and 3 MRCSP reports.
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Explanation

The southern shores of Lake Michigan and Lake Erie include

several large cities, power plants, and industrial areas with significant

CO2 emissions. Future regulations may limit carbon emissions, so it

is important to understand the potential for safe geologic storage of

CO2 in the subsurface and for CO2 use in enhanced oil and gas

recovery. Geologic storage involves the capture of carbon emissions

and the injection of captured CO2 under pressure into reservoirs with

sufficient seals and confining zones deep underground to prevent

migration of injected CO2 into shallower strata (e.g., NETL, 2015).

This cross section was constructed to help industry, policy makers,

and the general public visualize the geology of rock units relative to

geologic carbon storage as part of the research efforts of the Midwest

Regional Carbon Sequestration Partnership (MRCSP). Subsurface

units in the cross section are color-coded based on a unit’s potential

as a (1) storage interval (regional saline reservoir), (2) confining

interval with local potential reservoirs, (3) confining zone, or (4)

organic-rich shale. Units are color-coded at depths greater than

2,600 ft., which is a conservative estimate of the depth needed for

CO2 to be in a dense super-critical phase (with variation). Below this

depth, natural pressures beneath the surface should be great enough

to cause CO2 to dramatically decrease in volume allowing for

maximum storage capacity. This depth should also allow CO2 to be

miscible in oil, for efficient use in enhanced oil recovery.

The cross section is based on 18 deep wells, five in Indiana,

eight in Ohio, and five in Pennsylvania. Deep wells with the best

down-hole geophysical logs available were chosen for correlations in

order to illustrate the depth to potential future carbon storage units

along the section. Well data are from the Indiana, Ohio, and Penn-

sylvania geological surveys. Five of the wells are Class 1 injection

wells used to safely store waste deep underground without leakage

to the surface. One of the wells was a stratigraphic test drilled by the

Ohio Division of Geological Survey for research for carbon storage

research (Wickstrom et al., 2011).

Potential carbon storage reservoirs are examined below 2,600 ft

depth and above the Precambrian surface. The depth to the

Precambrian surface is influenced by geologic structures including

regional basins and arches, and basement faults (see structure map).

Rock units shallow above the Kankakee and Findlay arches and

deepen eastward into the Appalachian Basin. Fault locations and

vertical extent through the Paleozoic rocks are based on regional

studies by Gold et al. (2005) and Patchen et al. (2006). Toward the

Allegheny Structural Front in the eastern part of the cross section,

Devonian and younger rocks are folded in a series of closely spaced

anticlines and synclines (see e.g., Berg, 1980; Faill, 2011). Locations

of fold axes are shown on the top of the section between well 16 and

the Allegheny Structural Front, but no attempt was made at projecting

these folds into the subsurface.

Field types

(OM)

Location of wells. Numbers in blue correspond to wells on the cross section. The Blue star well is a well with 
significant core data. OM=Ohio Division of the Geological Survey No. GB-4 M & B Asphalt Co. 

(OM)

(OM)
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Location. Inset map shows 
location of other cross sections 
completed for this project.  
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