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Agenda

• Appalachian basin geologic history

• Geologic storage

• Perspectives on geologic carbon storage 
and resource development
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Appalachian Basin 
geologic history

“Nature Vs. Nurture Aspects of the Rock Record”
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Subsurface lithology and 
Stratigraphy

• Permian (~252-299 MA) through Precambrian (>~541 MA) age rocks

• Rock record comprised of multiple lithologies

• Depth, thickness, extent and nomenclature for rock units vary

• Rock record punctuated by unconformities

• Rock character impacted by mountain building events over geologic 
time

• Coal and coalbed methane in Pennsylvanian rocks, oil and gas in 
Devonian – Cambrian rocks
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Taconic Orogeny (~450 Ma)

• Cambrian rifting creating a passive margin along the 
North American continent, which facilitated carbonate 
deposition into the Early to Middle Ordovician

• Subduction, ocean closure and collision of volcanic arcs 
with North America occurred in Late Ordovician time

From Friehauf (2000)
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Acadian Orogeny (~405-360 Ma)

• Taconic mountains erode, and Silurian carbonate reefs 
and salt basins form in the central Appalachian basin

• Avalonia (a microcontinent) and volcanic arc hit North 
America again in Late Devonian time, and subduction 
ensues

From Friehauf (2000)
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AlleghAnian Orogeny (~285-245 Ma)

• West Africa collides with North America in Permian time, and 
subduction ensues

• The Protoatlantic Ocean is closed

• The Supercontinent Pangaea is formed

• We’ve got a mountain range much like the modern Himalayas…From Friehauf (2000)
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So, we have a 
Sedimentary basin…

Courtesy John A. Harper
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And more precisely, we have a complex basin…
From Dinterman et al. (2020)
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Geologic Storage
“If it can make it, it can take it…”
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oil and gas development
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CAP Project FOCUS
PA’s EDWIN: >276,000 wells of record

WV’s PIPELINE:  >155,000 wells of record

First mile – existing oil and gas production, natural gas storage, UIC 
wells, opportunities for CO2-EOR and CO2-EGR with associated storage

Second mile – some knowledge, based on conventional and 
unconventional gas production

Third mile – least knowledge, with only a small number of basement 
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Reservoirs 
and traps

Reservoir – porous rock that contain fluids/gases (“product”) and has 
permeability to allow product flow through the formation’s pore space

Caprock (Seal) – low-porosity/low-permeability rock adjacent to a 
reservoir

Trap – means by which impervious caprock helps keep a reservoir’s 
product in place – stratigraphic, structural, combination

Conventional Oriskany Sandstone

Unconventional Marcellus Shale

Oriskany Sandstone (WVGES)
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Geologic Storage

• Many liquids and gases are temporarily and/or permanently stored 
underground

• Methane (CH4) has been stored underground in the tri-state region 
by utility operators since the late 1930s

• Like CH4, carbon dioxide (CO2), natural gas liquids, hydrogen (H2), and 
wastewater can be stored underground in geologic reservoirs

• Three classes – porous rocks, salt caverns and mined/engineered 
caverns From Carter and Patchen (2017)
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There are 56 UNGS facilities in PA, which contribute ~8.4% of U.S. UNGS.

Underground natural gas storage
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Perspectives on Geologic carbon 
storage and resource development

“Can’t we all just get along?”
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Geologic Carbon Storage Systems

Geologic carbon storage specifically refers to the injection of captured CO2 into subsurface storage reservoirs by way of 
specially constructed (Class VI) injection wells. 

• Thick, regional saline reservoir – clastic rocks with significant thickness (50+ ft) and porosity, more than 2,600 ft deep, 
with a good seal

• Local large saline reservoir – some type of secondary saline reservoir with a regional seal, and other conditions as above   

• Stacked reservoir – cumulative porosity-ft comprised of multiple formations. There could be different groupings of 
“stacked” reservoirs based on the units and seals envisioned; major regional seals would be a good first-order divisions

• Depleted reservoirs with Enhanced Oil Recovery (EOR) potential – could be a standalone system, superimposed on saline 
reservoir system, or part of the stacked reservoir potential
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Defining Carbon Storage Systems

19

Potential reservoirs and seals were grouped into multiple carbon storage systems (Cambrian; 
Cambrian-Ordovician; Silurian-Mississippian; Late Triassic-Early Jurassic; and Late Jurassic-Cretaceous).
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CAP Project 
Study Area

• Rich history of hydrocarbon 
extraction activities

• Regional reservoir 
characterization work is 
well-established

• Rome Trough (deepest part of 
the basin, thick sequences of 
sedimentary rocks)

• Home to a workforce poised 
to pivot to CCUS activities
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Utilization

Permanent Storage

Stacked Reservoirs

✓ OUT:
Active mining, petroleum 
hydrocarbon production

✓ IN:
Energy 
storage (CH4, H2),
Carbon sequestration,
Wastewater disposal
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Take Home Points…
• By virtue of its relatively complex geologic history, the Appalachian basin is home to world-class oil and gas resources. What’s more, our 

subsurface geologic formations have been used for seasonal natural gas storage and may also be used for other storage applica tions.

• Advances in regional geologic characterization over the past 20+ years offer mapping products and digital datasets that industry can apply to 
carbon storage project development efforts.

• Delineation of carbon storage systems, consideration of stacked reservoir potential, and preparation of site-specific characterization efforts 
are key to building CO2 storage projects in the Appalachian region.

• U.S. DOE-funded technical assistance partnerships, such as the CAP Project, have been established to compile, distill, further a nalyze and 
communicate information regarding our region’s subsurface geologic resources for the purpose of Class VI UIC permitting efforts and carbon 
sequestration projects.
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Thank you

10/1/2025

Kristin M. Carter

krcarter@pa.gov

412-442-4234
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