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APPALACHIAN BASIN
GOLOGIC HISTORY

"Nature Vis. Nurture Aspects of the Rock Record”

\



Precambrian Structure

for the

MRC| &~

Midwest Regional Carbon Initiative A 57
5 e Midwest Regional Carbon Initiative

&

YN i

0]
ST

B

o

INew Hampshire.

'—-'

NS

TEENG
== ;-4
(Tt

bg Massachusetts 3
MirSils us
4% i 3 "R
~ (8] "
s PRI '.l
IS ol N
"\ Connecticut Why 7YY
i
A
2
Explanation

——— Precambrian contours (CI = 1,000 ft)
Precambrian faults and structures

400 M e
]

1
4 800 Kikameters




Déﬁ?ﬁsxtﬂ) % SYSTEM| SERIES|  SUBSURFACE STRATIGRAPHY
= —  SUBSTREACE LITROLOGY AND
- ' Alloghery Fm
__&__ﬁm e Permian ("252-277 MA) through Precambrian (54T MA) age rocks
5280 AY ] === . Rock record comprised of multiple lithologies
" e Depth, thickness, extent and nomenclature for rock units vary
e L g = e Rock record punctuated by unconformities
e Rock character impacted by mountain building events over geologic
10,560 AV . oo | Upper — time
g %e = - Coal and coalbed methane in Pennsylvanian rocks, oil and gas in
camran | e o Devonian - Cambrian rocks
_ 15840+ [P — i :
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TACONIC OROGENT (450 MA)

il Fm

— = * (ambrian rifting creating a passive margin along the

North American continent, which facilitated carbonate

Farlsnte- il i % deposition into the Early to Middle Ordovician

Kurt Frichauf - 2000 D ¢

* subduction, ocean closure and collision of volcanic arcs

with North America occurred in Late Ordovician time

10 /21 /2025 From Friehauf (2000) {



ACADIAN OROGENY (-405-360 MA)

e Taconic mountains erode, and Silurian carbonate reefs

and salt basins form in the central Appalachian basin

e Avalonia (3 microcontinent) and volcanic arc hit North

America again in Late Devonian time, and subduction

Devonian (405-360 Ma) Acadian Orogeny

another island arc accretes onto continent? (a bump in the night) *

*
Kurt Friehauf - 2000 X YiJ N X
e T S - S \\ /// east

west

ensues

From Friehauf (2000)
/
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SYSTEM] SERIES SUBSURFACE STRATIGRAPHY

Permian Lower

——  ALLEGHANIAN OROGENY (-285-245 MA)

Permian (285-245 Ma) Alleghanian Orogeny* ¥

African continent collides with America to form Pangea

and the modern Appalachian Mountains \ \ | /
Kurt Friehauf - 2000 \\ ///¥
west east
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From Friehauf (2000)

10/21/2025

o West Africa collides with North America in Permian time, and

subduction ensues

e [he Protoatlantic Ocean is closed

* The Supercontinent Panqaea is formed

* Weve got a mountain range much like the modern Himalayas..



U, WE HAVE A
SLDIMENTARY BASIN..

Venango

Olentangy Catskill

Chadakoin

SHELF

Bradford

Approximate location of cross section

Approximately 1,500 feet 5

L—— Approximately 8,000 feet —

PENNSYLVANIA
OHIO
0 100 Mi.
!
0 150 Km.
LEGEND
Organic-rich Dark gray Marine Deeper Shallow Shallow Continental
black shale shale and limestone water marine marine and
siltstone gray shale siltstone sandstone, transitional
and and shale siltstone sandstone,
= Hypothetical time line siltstone and shale siltstone,

and shale

Courtesy John A. Harper
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Subsurface geology for carbon storage along the Ohio River in part of the Midwest Regional Carbon
Sequestration Partnership region

Stephen F. Greb?, Thomas Sparks®, Michael P. Solis, John A. Harper?, Kristin M. Carter?, Phil Dinterman?, Eric Lewis®, and Cristian Medina®
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Appalachian Basin

from Dinterman et al.
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super-critical phase (with variation). Below this depth, natural pressures beneath the
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allowing for maximum storage capacity. This depth should also allow CO, to be miscible

and Rose Run Sandstone were the primary reservoirs tested in the AEP No. 1 well (no.
17 on the section) at the Mountaineer power plant (Bacon et al., 2007; 2009). An
extensive, testing program was conducted and 40,785 short tons of CO, were injected
as part of an integrated carbon capture and storage project (Gupta et al., 2013).
Eastward in the Appalachian Basin, where Cambrian and Ordovician horizons are
more than 10,000 ft beneath the surface, shallower reservoirs in Silurian and younger

(Boswell et al., 1996a), Bradford (Boswell et al., 1996b), and Elk (Donaldson et al.,
1996). In the future, CO, could be used for secondary recovery in some of these fields
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GOLOGIC STORAGH

"If it can make it it can take it.."
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SYSTEM| SERIES SUBSURFACE STRATIGRAPHY
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APROX.
DEPTHS (ft)

AGE (MA)

SYSTEM

SERIES

SUBSURFACE STRATIGRAPHY

TARGETS

0 A

Mile 1

5,280 AY

Mile 2

10,560 AY

Mile 3+

r323

359

b 99-

N

Lower

+419

444

485

£541

15,840+ Y

LEGEND

Predominant lithology
“277] Conglomerate

Stacked carbon storage targets

S Misciblefimmiscible EOR with eventual CCS
© Miscible/immiscible EGR with eventual CCS

«  Organicrich shale EGR §

ccs S

UIC Class Il UIC injection formation

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 C0,-EOR and C0,-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
test wells 8



Conventional Oriskany Sandstone

o 50 Kilometers

s0 25
REGIONAL ORGANIC-THICKNESS
MAP OF THE MARCELLUS SHALE
with additional organic.rich shale beds in the Hamilton Group

Thickness in Feet

RESERVULR)
AND TRAPS

eservoir - porous rock that contain fluids/qases ("product’) and has
vermeability to allow product flow through the formation's pore space

Oriskany Sandstone (WVGES)

Caprock (Seal) - low-porasity/low-permeability rock adjacent to

reservoir

Irap - means by which impervious caprock helps keep a reservoir's
product in place - stratigraphic, structural, combination



bOLOGIC STORAGE

West East

Greenbrier Limestone

o Many liquids and qases are temporarily and/or permanently stored =5

= Keener - Berea Interval

Venango Upper Devonian
= sandstones

underground —

o Methane (CH,) has been stored underground in the tri-state region

Tully Limestone

by utility operators since the late 1730s

e like CHy, carbon dioxide (C0;), natural gas liquids, hydrogen (Hj), and

wastewater can be stored underground in geologic reservoirs

Salina F4 Salt

Salina Group

* Three classes - porous rocks, salt caverns and mined/engineered ,, = =

Lockport Dolomite

caverns from Carter and Patchen (2017)

10/21/2025 1




UNDERGROUND NATURAL GA STORAGE
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Pennsylvania oil and gas pools
Deepgas [ Deep oil Coalbed methane
Shallow oil - Shale gas

Underground natural gas storage sites

Shallow gas

County boundaries

Pennsylvania Energy Production Estimates, 2021
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Crude O

Nudear Electric Power -
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Wood and Waste
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PERSPECTIVES ON GEOLOGIC CARBON

o lURAGE AND RESOURCE DEVELOPMENT

"Cant we all just get along?”

\



GROLOGIC CARBON STORAGE SWSTEMS

beologic carbon storage specifically refers to the injection of captured (0, into subsurface storage reservoirs by way of
specially constructed (Class VI) injection wells

* Thick, reqional saline reservoir - clastic rocks with significant thickness (50+ ft) and porosity, more than 2600 ft deep,

with a qood seal

* Local large saline reservoir - some type of secondary saline reservoir with a reqional 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 qood first-order divisions

* Depleted reservoirs with Enhanced 0il Recovery (EOR) potential - could be a standalone system, superimposed on saline

reservoir system, or part of the stacked reservoir potentia
10/21/2025 18
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(AP PROJECT
SIUDY AREA

e Rich history of hydrocarbon
extraction activities
e Regional reservoir

characterization work is
well-established

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

e Home to a workforce poised
to pivot to CCUS activities

10/21/2025
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Coalbed
Methane Shallow Oil & Gas
Production Production

Shale Gas

Deep Gas
Production p

Production

Pennsylvanian Rock Units

o
o
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Q I
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v U Utilization1
Active mining, petroleum - B
hydrocarbon production

I Stacked Reservoirs

Energy
storage (CH,, Hy)

(arbon sequestration,
Wastewater disposal

Permanent Storage <

APPALACHIAN PLATEAUS
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TAKE HOME POINTS..

o By virtue of its relatively complex geologic history, the Appalachian basin is home to world-class oil and qas resources. What's more, our

subsurface qeologic formations have been used for seasonal natural gas storage and may also be used for other storage applications.

* 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 C0; storage projects in the Appalachian region.

e 5. 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 qeologic resources for the purpose of Class VI UIC permitting efforts and carbon

sequestration projects.

10/21/2025 12



THANK YOU

Kristin M. Carter -y

krcarter@pa.qov

Central Appalachian Partnership

412‘4 4 2 ‘4234 for Carbon Storage Deployment

107172025 23
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