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West Virginia Geological and Economic Survey 
• State Agency since 1897
• Housed in the WV Department of Commerce
• Non-Regulatory, ~35 FTE; Coal/Oil and Gas/General Geosciences 
• Applied geoscience research and “boots on the ground” mapping
• Maintains the State’s geological sample collection
• Free Mini Museum on Cheat Lake in Morgantown



Discussion Topics
1. Carbon Management and Critical Minerals: Why 
are they important?
2. The West Virginia Advantage
3. Geology Matters : Assessing the Framework 
Through (Deep) Time



1. Carbon Management & Critical 
Minerals: Why are they 
important?
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2. The West Virginia Advantage
Resource and Policy Developments





HB 4491: CO2 Sequestration Pilot Program
• Passed WV Legislature 3/1/22 with wide bipartisan support (90-9-

1 vote in House; unanimous vote in the Senate (33-0-0)); effective 
5/30/22

• Pore space ownership vested with surface owner and cannot be 
severed

• Before a permit may be approved, must determine if proposed 
storage facility contains “commercially valuable minerals” . Must 
demonstrate that interests of mineral estate will not be adversely 
affected or have been addressed in written agreement.  Mineral 
owners may drill through storage.

• Unitization: Owners of 75% of pore space acreage in the storage 
reservoir must consent

WV Governors Energy Summit 2022



HB 4491: CO2 Sequestration Pilot Program
• Access can be granted by the State for seismic surveys if operator is 

unable to reasonably negotiate with surface owners
• Can enter into cooperative agreements with other governments/gov’t 

entities if project extends beyond state regulatory authority
• Certificate of Completion may be issued 10 years after cessation of 

injection
• Ownership of stored CO2 transfers to surface owner once Certificate of 

Completion issued; State assumes responsibility and liability 
• Carbon Dioxide Storage Facility Administrative Fund (Permit Fees)
• Carbon Dioxide Storage Facility Trust Fund (Injection Volume Fees)

WV Governors Energy Summit 2022



WV Class 6 Primacy Rule
• 47CSR13: Represents a total revision of UIC regulations, including new 

section on Class 6. Last major update was in 1980s. Drafted with 
assistance from EPA

• June 23, 2021: Draft rule filed; 30-day public comment period begins
• July 23, 2021: Public Hearing (virtual meeting)
• July 30, 2021: Agency-approved rule filed; public comments addressed
• Spring 2022: Rules packaged approved by WV Legislature; primacy 

application submitted to EPA
• Still waiting on EPA determination
https://apps.sos.wv.gov/adlaw/csr/ruleview.aspx?document=17482&KeyWord

WV Governors Energy Summit 2022





MID-APPALACHIAN CORE-CM PROJECT: ACID MINE DRAINAGE TREATMENT 



HB 4003: any party that treats any mine drainage may 
derive “commercial benefit” from any elements or other 
byproducts of the treated material. Passed during 2022 
Legislative Session by 91-7 vote.
• Meant to encourage treatment of acid mine drainage 

problems and clarify ownership of REEs/critical 
minerals 

Did Not Pass: HB 4025: 5 yr. exemption from severance 
tax  for all extraction of REEs by any mining process 
(normally 4% of gross value of natural resource 
production). 

Critical Minerals Policy Developments--WV



3. Why the Geology Matters



Regional Geologic Cross Sections for Potential Storage and Containment Zones in the 
MRCSP Region - Submissions - EDX (doe.gov)

https://edx.netl.doe.gov/dataset/regional-geologic-cross-sections-for-potential-storage-and-containment-zones-in-the-mrcsp-region
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Cabell 537 Cyclops Well 
~520’ of Cambrian 
Strata

Jackson 1366 
McKoy#1 Well
~4969’ of 
Cambrian Strata



Rose Run Sandstone 7,772 – 7,782 ft. 

AEP Mountaineer 
New Haven, WV
Injection Test



Upper Cambrian Section, Calhoun County, WV



Deep Cambrian Section
• Abrupt thickening in Rome Trough; up to 20K ft. depth
• Thousands of feet of limestone, dolomite, and shale 
• Coarser sands present (Basal Sand, Rose Run), and can be thick, 

but are poorly understood.
• Areas of hydrothermal mineralization in dolomites (Copper Ridge)

Exxon Gainer-Lee
Calhoun County, WV 
15,250 ft.
200x magnification











Utica/Point Pleasant: Metalliferous 
Black Shale? 

Point Pleasant

Lex/Trenton

Curdsville (?)

Utica











Silurian 
Storage
Targets: 
Tuscarora 
& Newburg 
Sandstones

Tuscarora Sandstone
Clay County, WV



Salina F4 Salt
• Salts are 

interbedded with 
other rocks, but 
can attain 
thicknesses over 
100’

• Forms 
impermeable seal

• Salt dissolution 
caverns offer 
storage options for 
purity products

• Some Critical 
Minerals in salt, 
most embedded in 
rock material

Salina F4 Salt 
Marshall County, WV











Oriskany Thin Section, Wood 
County, WV (blue = porosity)

Oriskany CO2 Storage Capacity



Marcellus Shale: The Role of Organics 
• Organic-Rich shales are found 

throughout the Devonian section
• Prolific gas reservoir in the 

Appalachian Basin
• CO2 attracted to organic 

particles, thereby releasing 
methane

• Potential for storage in 
depleted/underpressured shale

• Potential for CO2 enhanced 
gas/NGL recovery

• Potential for Critical Minerals 
(e.g. Vanadium) in well cuttings



Devonian Sandstones: CO2 EOR





Correia and Murphy, 2020

PENNSYLVANIAN GEOLOGIC SETTING



Brezinski and Kollar, 2011Cecil et al., 2014

PALEOCLIMATE &
DEPOSITIONAL CONTROLS
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WHY UNDERCLAYS?

• Relatively thick, 
mappable units (10s of 
ft.)

• Potential for REE, 
lithium, other CMs 
(gallium; hafnium)

• Accessible in mines, 
mine face-ups and 
surface exposures

• Legacy production (coal, 
refractory) and 
associated datasets

• Extraction and 
processing potential of 
REEs as ion-adsorption 
clays

• Traditional waste 
stream; potential for 
beneficial reuse



WV Coal Legacy Data



USGS EARTH MRI APPALACHIAN BASIN:
TOTAL REES + YTTRIUM (REEY)



EARTH MRI AIRBORNE GEOPHYSICAL STUDY

Photos Courtesy of 
Alex Demas, USGS



USDOE CORE-CM: Identifying Critical Mineral 
Resources in Unconventional Sources 





In Summary: Carbon Management
• Recent policy developments in WV provide a strong foundation for 

carbon storage
• As CCS gains traction in the Appalachian Basin, industry can 

leverage knowledge gained from CCUS operations in the 
Illinois/Michigan basins plus in-basin drilling expertise and high-
resolution subsurface information gained from unconventional shale 
exploration and production

• Many data gaps remain, especially with the deep Cambrian and 
Ordovician section in the Rome Trough. Multiple deep stratigraphic 
test wells and analyses are necessary

• IIJA and IRA both offer significant research funding opportunities 



In Summary: Critical Minerals
• West Virginia holds significant and unique potential for critical 

minerals
• Many are hosted in the coal measures and are observed in 

elevated volumes in clay-rich beds above, below, or between 
the coal beds

• Enrichment observed over broad areas, but vertical variation 
can be significant, even within a given unit

• Potential also exists in organic shales and units exposed to 
hydrothermal mineralization

• Waste products, including AMD, gob, coal ash may have 
potential for beneficial reuse. 
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