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From the Mississippi Development Authority’s Energy and Natural Resources Division
“Ensuring Energy Dominance for a Strong Mississippi Economy”

In May 2025, Mississippi Governor Tate Reeves launched the “Mississippi Power Play” by directly hearing
from energy sector CEOs. The meeting was the beginning of Mississippi’s initiatives to tear down red
tape, stimulate private sector investment and make the state a model for energy policy, investment and
development. The state aims to allow for faster, data-driven permitting, reduce financial risk by ensuring
regulatory clarity for businesses operating in Mississippi and invest strategically within the state across
the energy sector.

These actions will bolster America's energy independence and solidify Mississippi's energy dominance
and importance as a state rich in energy and natural resources.

Today, as the nation engages in a global race to secure emerging industries of the future, the most
critical ingredient is energy, And the single most important act to unlock it is clear leadership. States that
have available, affordable and reliable energy and broad energy resources will win, and those that do not
will lose. Mississippi will win because of who we are, how we work and the state’s rich resources.

The summit represented a pivot from focusing solely on the energy consumer to discussing the state as
an upstream producer. To help industries best transition from discovery (i.e., the costly processes of
resource characterization) to industrial processing and production (i.e., processing of upstream inputs for
other energy related processes), the Mississippi Development Authority (MDA) convened the 2026
Natural Resources Summit on January 21, 2026, at The Westin Jackson, Jackson.

The forum bridged the gap between the state’s current geological understanding and public policy needs
to gain entry to the critical minerals sector. Discussion focused on how to effectively address technical
validation and building the business and policy cases:

1. Technical Validation: Reviewing legacy geologic, geophysical and geochemical datasets to align
expertise, coordinate research priorities and build the integrated intellectual and human capital
required to create a robust critical minerals program. The Mississippi Geological Survey (Mississippi
Department of Environmental Quality’s--MDEQ--Office of Geology), University of Mississippi (UM or
Ole Miss) and Mississippi State University (MSU) will coordinate this effort.

2. Infrastructure Investment: Outlining how strategic investments for DLE pilot projects could validate
commercial flow rates and recovery efficiencies. This work can help make the critical minerals
business case.

3. Policy Framework: Identifying the necessary statutory changes to ensure a predictable and

transparent permitting environment for brine extraction. This work should help us bound the critical
minerals policy case for local leaders and public officials.
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This report serves as a record of the summit, the discussions held and a summary of the
recommendations to generate investment in the state at scale.

Mr. Joseph Hagerman Dr. David T. Dockery, llI Dr. Leonardo Macelloni
Director, Energy and Natural State Geologist, Director Director, Mississippi Mineral
Resources, MDA MDEQ’s Office of Geology Resource Institute

Executive Summary: Ensuring Energy Dominance for a Strong Mississippi Economy

The global transition toward advanced manufacturing, high-performance electronics and energy storage
has fundamentally altered the critical minerals supply chain. Under the Governor’s "Mississippi Power
Play," the state is strategically pivoting from a traditional energy consumer to a high-tech, upstream
producer.

The 2026 Natural Resources Summit established the scientific and operational foundation for this
transition. Deep beneath Mississippi, the Smackover Formation holds highly concentrated, lithium-rich
brines capable of supporting a multibillion-dollar domestic critical minerals industry. By pairing these
legacy geological assets with emerging Direct Lithium Extraction (DLE) technologies, Mississippi has a
generational opportunity to transform historically overlooked oilfield brine into a foundational anchor of
the American energy supply chain.

However, geology alone does not attract capital. To outcompete neighboring states and secure massive
private investment—and fully leverage federal initiatives like Project Vault—Mississippi must urgently
modernize its regulatory and statutory frameworks to provide absolute market certainty.

The Resource and the Technological Shift

Mississippi shares the same highly productive Smackover reservoir systems that have already attracted
hundreds of millions of dollars in DLE investments in neighboring Arkansas. Historical data in Mississippi
indicates prospective lithium grades reaching up to 341 mg/L, easily exceeding the generally accepted
economic cutoff of 200 mg/L.

Simultaneously, the commercialization of DLE technology solved the historical bottlenecks of lithium
extraction. Unlike traditional, land-intensive solar evaporation or high-impact hard-rock mining, DLE
utilizes selective sorbents and ion exchange to extract lithium from brine in a matter of hours. This
closed-loop system boasts an 80-95% yield, a near-zero carbon footprint and repurposes existing oil and
gas infrastructure, turning a disposal cost into a highly lucrative revenue stream.

The Economic Reality and the Data Imperative
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Though the geological and technological pathways are clear, the economic landscape remains volatile.
Global Lithium Carbonate Equivalent (LiCE) prices fluctuate aggressively due to foreign actors seeking to
suppress U.S. production. Large-scale DLE facilities require significant upfront capital—often exceeding
$500 million—and operators must be assured of both regulatory stability and sustained high-volume
brine flow rates of 10,000 to 20,000 barrels per day per well.

To de-risk these investments and attract operators, Mississippi must immediately resolve its comparative
data deficit. While the state has a $3 billion subsurface archive at the Office of Geology, modern,
uncontaminated geochemical sampling is required to delineate the state's highest-yield lithium
"fairways."

The 2026 Legislative & Regulatory Roadmap

Creating a bankable, business-ready environment is essential and will require statutory and regulatory
action. To move from geological theory to commercial-scale production, Mississippi should consider the
following:

1. Reclassify Brine from "Waste" to "Mineral": Mississippi statutes currently define brine as waste,
creating severe ambiguities regarding surface rights, mineral rights and pore-space ownership.
The Legislature must formally define brine and its extracted elements as critical minerals,
establishing clear, predictable ownership and unitization pathways.

2. Establish Clear Royalty and Severance Frameworks: Rather than relying on state-mandated
royalties, Mississippi should codify a framework allowing private negotiation between owners
and lessees, paired with a targeted, competitive severance tax structure such as a multiyear
severance tax holiday. This would buffer early-stage operators from LiCE price volatility.

3. Fund a Strategic Sampling Initiative: The state must authorize and fund the Office of Geology,
with academic partners such as the MMRI, to resample 20 to 30 active producers. These
validated, public-domain samples are essential to allow private industry to model risk and
commit capital.

4. Align State Permitting with Federal Demand: By consolidating the permitting pathway through
the Mississippi Oil and Gas Board (OGB), the state can act as a rapid, "one-stop" portal. This
ensures Mississippi projects qualify for federal fast-tracking under current Executive Orders and
allows local producers to seamlessly interface with the $12-billion federal "Project Vault"
strategic reserve.

Conclusion: Mississippi possesses the natural resources, workforce and industrial infrastructure to
dominate the domestic critical minerals market. By enacting statutory reforms to provide legal certainty,
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funding targeted data acquisition and aligning state economic incentives with federal strategic priorities,
Mississippi will position itself as the premier hub for technological innovation and American energy
independence.

k* %k ¥ % %

Meeting Objectives

The Opportunity: Mississippi subsurface hosts significant quantities of critical mineral-rich brines that
can help the nation meet its supply chain needs and reduce foreign dependencies. While neighboring
states tap into these deposits, Mississippi’s unique advantage lies in our legacy exploration history and
our ability to implement a business-friendly regulatory environment to tap into these resources at scale.
The opportunity before us is to begin building an industrial ecosystem, one that connects the resources
identified by our geologists with cutting-edge extraction and processing technologies, positioning
Mississippi as a foundational anchor in the American energy and manufacturing supply chain.

Our Vision: Establish Mississippi as the nation’s premier producer of ethical, science-driven critical
mineral development, advancing world-class research on critical mineral-rich brines and other

sedimentary minerals.

Our Mission: Empower Mississippi’s scientific expertise, historical data, focused research, technological
innovation and public policy to commercialize critical minerals and other natural resources.

Defining Our Actions: This summit will align the state (i.e., definitions, next steps, etc.), so Mississippi
can create the legal certainty required to attract private sector investment.
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Mississippi’s Geological Legacy
(by Dr. David T. Dockery, lll, State Geologist of Mississippi and Director of the MDEQ'’s Office of Geology)

David T. Dockery Ill is a registered professional geologist and the Surface Geology Division Director for the
Mississippi Department of Environmental Quality. His work has appeared in Mississippi Geology, Palaios,
Nature, Paldontologie, and Compass, among other publications.

Reflections From Soil Science to the Lithium Frontier

The history of the Mississippi Geological Survey is, in many ways, the history of the state’s economic
backbone. Authorized by the legislature in 1850, the Survey began as a "renaissance agency." Its earliest
works, such as B.L.C. Wailes’ 1854 report and Eugene Hilgard’s seminal 1860 volume on geology and
agriculture, laid the groundwork for modern industry. In fact, Hilgard’s work was so foundational that he
is recognized today as the Father of Soil Science.

For over 175 years, this office of Geology has been the engine behind Mississippi’s resource
development, publishing critical research on everything from Portland cement and bauxite to rare earth
elements and lignite.

The Power of the Survey: A 1:5$1.4 million Return

Perhaps the most striking example of the Survey’s impact occurred in 1939. Armed with a $100,000 WPA
grant to survey ten counties, geologist Fred Mellen was assigned to Yazoo County with a modest $10,000
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budget. His discovery of the Tinsley Dome—shared via a public press release—Iled Union Oil of California
to drill the state’s first commercial oil well.

The results were transformative. Tinsley Field proved to be a 200-million-barrel field at $70-a-barrel.
That represents $14 billion in value—a staggering 1:51.4 million return on the state’s initial investment.
This discovery fueled a surge in production during World War Il and, by 1970, cemented Mississippi’s
rank as the 10th largest oil-producing state in the nation.

Modern Expertise and "Boots on the Ground"

Today, the work continues within the MDEQ’s Office of Geology. While the technology has evolved—
utilizing remote sensing such as ortho-imagery for the Mississippi Digital Earth Model and radioisotope
geochronology for more precise geologic studies—the mission remains rooted in physical exploration. In
1960, 18 oil and gas companies, along with state funding, donated the building and land that now
houses the State Survey’s Core and Sample Library. Estimated reacquisition cost of the catalogued cores
and cuttings is approximately $3 billion dollars. Though in need of significant renovation, it serves as a
vital library for the next generation of energy and mineral breakthroughs.

The Office of Geology remains a hub for high-level academic and industrial partnership. From recent
work on the state’s $135 million aggregate industry to ongoing mapping of geologic quadrangles,
Mississippi’s survey geologists today are identifying mineral resources that will drive Mississippi's future.

The Next Chapter: Lithium and the Smackover Brines

As the global energy landscape shifts toward electrification, the Office of Geology is once again at the
forefront. It is no coincidence that our staff includes the region's leading brine and critical minerals
expert. This brine research, utilizing the State Survey’s core and sample library, has been in progress for

more than a decade.
* %k %k %k %k

Mississippi's Critical Mineral Resources
A Geological and Geochemical Overview

The Resource

High-salinity brines with total dissolved solids (TDS) exceeding 260,000 mg/L are trapped in the Upper
Jurassic Smackover Formation. The brines originated as highly evaporated seawater associated with the
deposition of Werner and Louann salts—an event that produced the largest known evaporite and brine
deposit on Earth. In addition to potassium, boron, and magnesium, lithium is highly concentrated in
Smackover brines and is an underexplored resource for the metal from East Texas to Florida.
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Prolific Resource in the United States
« Extends from Florida to Texas

* 6500 miles long

I Smackover Formation &
® Represents Wells in the Smackover Formation Source: Arkansas Oil & Bas Commission data. USGS, 2006.

The Smackover Formation — concentrated in southern Arkansas.
Source: USGS 2006 from Arkansas Oil and Gas Commission

The Smackover Formation

To date, the Smackover has produced over 880 million barrels of oil, 12 billion barrels of water, and 5
trillion cubic feet gas. The source of Smackover oil, and much of all Jurassic and Cretaceous oil
production in the Gulf, is the “brown dense” interval of the lower Smackover. With respect to the
geologic setting, the Smackover was deposited along the rifted margin of the northern Gulf, a large
sedimentary basin that formed during the breakup of Pangea and accumulated a thick sequence of
terrestrial and marine sedimentary rocks.

Stratigraphically, the Smackover overlies the Norphlet Formation and is made of three major carbonate
sequences: 1) lower to outer-ramp to basin carbonates composed of laminated mud, 2) middle-ramp

wackestone to packstone, and 3) inner ramp, high-energy carbonate shoals made of ooid grainstones
representing a shoaling-upward sequence and capped by a basin-wide sabkha facies known as the
Buckner Formation. The brines trapped in the Smackover exhibit hydrogeochemical characteristics that
reflect their origin as highly evaporated seawater and water-rock interaction. These fluids are
compositionally classified as chloride-calcium type brines that have interacted with anomalously rich
lithium-bearing rocks and minerals relative to typical sedimentary basin fluids and sediments.
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Getz, Steven (2012). Understanding the Oxfordian Smackover & Buckner Carbonate Petroleum System.
HGS North American Dinner Meeting. Houston Geological Society Bulletin, Sept 2012.Historical brine
geochemical datasets show that Smackover brines are highly enriched in alkali metals such as lithium,
potassium, and rubidium. The lithium concentrations reported in the Smackover are exceptionally high
relative to typical sedimentary basin hosted fluids, highlighting substantial economic potential. While
modern seawater contains approximately 0.18 mg/L of lithium, the highest concentrations observed in
Smackover brines reach 700 mg/L in places, representing an enrichment factor thousands of times
greater than modern seawater. The economic cut-off for commercially viable lithium brine accumulation
is generally considered to be 200 mg/L. Approximately 30% of the Smackover lithium concentrations
reported in the USGS National Produced Waters Geochemical Database (version 3.0) meet or exceed
economically significant grades -- and easily exceed the cost-effective cutoff threshold.

This geochemical evidence is consistent with the latest USGS assessment, which estimates that the
Smackover exceeds 5 million tonnes of in-place lithium metal (equivalent to more than 20 million tonnes
lithium carbonate equivalent (LCE)), making it one of the largest known sedimentary basin hosted
lithium brine resources in the world. Lithium is just one of the critical minerals found in the Smackover.

Based on historical Smackover brine production and current cut-off grades (200 mg/L), estimates show
that if totally recovered, the Smackover has produced approximately 2 million tonnes of LCE. However,
the brines have been reinjected into subsurface reservoirs for disposal or pressure maintenance. This
substantial volume of historically produced but unrecovered lithium underscores the immense,
previously overlooked value of this resource, indicating a past lack of definitional awareness and
technological capability to extract the critical minerals. This highlights the need for a shift in resource
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utilization, where what was once considered a waste product can now be transformed into a valuable
commodity. Such a shift also suggests that existing oil and gas infrastructure could be leveraged for
lithium extraction, which can significantly reduce initial capital expenditure and accelerate project
timelines.

For these reasons, the lithium and other critical mineral resources trapped in the Smackover stand out
globally because they combine a set of geologic, hydrologic, and geochemical conditions that rarely
occur in a single basin where the lithium-bearing brine system benefits from extreme evaporation,
intense water-rock interaction, and world class carbonate reservoirs.

Table 1: Lithium Concentrations and Economic Potential of Smackover Brines.

Metric Value ‘
Lithium Concentration (Seawater) 0.18 mg/L
Highest Reported Concentration (Smackover) ~700 mg/L
Concentration Ratio (Smackover to Seawater) 3,800 times
General Economic Cut-off (Lithium Brine) 200 mg/L
Percentage of Wells > 200 mg/L ~30%
Percentage of Wells 200-400 mg/L ~20%
Percentage of Wells 400-700 mg/L ~10%
Highest Reported Concentration in Mississippi Smackover | 341 mg/L
Estimated Historical Unrecovered LCE 2 Mt
Molecular Weight of lithium (Li) 6.94 g/mol
Molecular Weight of lithium carbonate (Li,COs) 73.89 g/mol
Conversion Factor (lithium metal to LCE) 5.323

Advanced Lithium Extraction Technologies: Efficiency and Sustainability

New emerging Lithium extraction technologies and methods are under development and deployment.
One of these, Direct Lithium Extraction (DLE) represents an advancement that is revolutionizing lithium
production, offering a cleaner and more efficient alternative to conventional methods. Unlike traditional
approaches that rely on slow evaporation in vast ponds or energy-intensive hard rock mining, DLE
selectively extracts lithium ions directly from lithium-rich brines. This process typically involves pumping
brine from sources such as oilfield wastewater, geothermal plants, or natural underground reservoirs
through specialized materials—including advanced adsorbents, membranes, or solvent-based systems—
that precisely isolate lithium ions.

Once the lithium is captured by these materials, it is then stripped, cleaned, and transformed into
battery-grade lithium carbonate or hydroxide, ready for use. DLE is a proven and established technology,
having been successfully utilized for decades at projects like the “Hombre Muerto” in Argentina, which is
one of the world's largest lithium production operations. When compared to traditional lithium
extraction methods, DLE offers significant advantages across multiple dimensions:
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- Solar Evaporation Brine Extraction: This conventional method is notoriously costly and time-
consuming, with lithium carbonate production typically taking 2 to 3 years. It necessitates massive
evaporation ponds, resulting in an average land footprint of 65 acres per 1,000 tonnes of LCE
produced. This process is highly water-intensive, consuming approximately 550 million gallons of
water per 1,000 tonnes LCE, and may carry a significant environmental impact, including soil and
water contamination. Furthermore, it yields a relatively low lithium recovery rate, typically
between 20-40% and requires a lengthy project implementation time of 10-15 years. A critical
environmental concern is its tendency to deplete basin aquifers and reduce groundwater levels,
directly impacting local communities.

- Hard Rock Mining (Spodumene): This method is characterized as high-impact and energy-
intensive. It also results in a large environmental footprint, averaging 115 acres per 1,000 tonnes
LCE, and high-water consumption, approximately 250 million gallons per 1,000 tonnes LCE. Similar to
evaporation, it contributes to soil and water contamination. Hard rock lithium projects have long
project lead times. Hard rock lithium deposits do not exist in Mississippi.

- Direct Lithium Extraction (DLE): DLE stands out as the superior alternative due to its enhanced
efficiency and environmental favorability. It boasts pathways to significantly faster production times,
with lithium carbonate achievable in as little as 2 hours. DLE achieves much higher lithium yields,
ranging from 80-95% for continental brine and over 95% for oilfield/geothermal brine, while also
reducing impurities. Environmentally, DLE offers substantially lower water usage (20-80 million
gallons per 1,000 tonnes LCE), a minimal average land footprint of 1.4 acres, and low to neutral CO,
emissions (neutral for oilfield/geothermal brine DLE). Its system designs are often modular and
mobile, offering greater flexibility and scalability. These combined advantages make high-
concentration Smackover brines a "perfect target" for scaling up new and emerging DLE methods,
making them economically viable where traditional methods are not. This clearly positions DLE as a
transformative technology that addresses the economic and environmental challenges inherent in
traditional lithium extraction.

The application of DLE is particularly well-suited for oilfield wastewater and geothermal brines — as well
as the existing oilfield workforce. For Smackover brines, the extraction process is similar to an oil and gas
prospect, involving the acquisition of necessary legal rights, brine production, the technical DLE process
itself, and the subsequent reinjection of the spent brine back into the producing formation. This creates
a synergistic opportunity to derive substantial value from existing infrastructure from what was
previously considered a waste stream.

By transforming a disposal cost into a revenue stream, DLE simultaneously addresses critical resource
needs and environmental concerns. The exceptionally high lithium concentrations found in Smackover
brines, coupled with DLE's efficiency, positions Mississippi as a potential leader in the rapid, low-
impact production of battery-grade lithium. DLE's rapid production time further emphasizes the
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potential for quick market entry and high output, which is crucial for meeting rapidly escalating global

demand. The following table provides a comparative analysis of lithium extraction technologies:

Metric

DLE from Brine

(Continental)

DLE from Brine
(Oilfield or
Geothermal)

Table 2: Comparative Analysis of Lithium Extraction Technologies

Solar Evaporation
Brine Extraction

Hard Rock Mining
(Spodumene)

Key Advantages

Faster, higher yield,
lower environmental
impact, no aquifer
depletion

Faster, higher yield,
lower environmental
impact, no aquifer
depletion, waste-to-
value

Lower initial capital

Established,
diversified supply

Key Disadvantages

Technology still
maturing, higher
upfront tech cost

Technology still
maturing, higher
upfront tech cost

Slow, large
footprint, high
water,
environmental
contamination

High impact, energy
intensive, low yield,
environmental
contamination

Lithium Yield (%)

80-95%

>95%

20-40%

6-7%

Average Footprint
(acres per 1,000 mt
LCE)

1.4 acres

1.4 acres

65 acres

115 acres

Water
Consumption
(million gallons per
1,000 mt LCE)

80 million gallons

20 million gallons

550 million gallons

250 million gallons

CO; Footprint (kg

mentation Time

per 1,000 mt LCE) 1.5 million ke Neutral 5 million kg 15 million kg
Lithium (;arbo.nate 2 hours > hours 2.3 years s 6 mortts
Production Time
Project Imple-
roject Imple 5-7 years 12-15 months 13-15 years 8-10 years

Other Sources of Lithium - Recovery from Lignite and Coal Byproducts

Research efforts are increasingly focused on developing unconventional rare-earth element (REE)

resources from coal and its byproducts, including refuse, fly ash, and underclay. Various physicochemical

methods are being investigated for this purpose. These include calcination, a process where samples are

heated (e.g., at approximately 650°C) to liberate REE minerals from the clay matrix and thermally

decompose REE-bearing phases. While calcination improves REY recovery, heavy rare-earth elements

(HREYs) tend to be more resistant to this treatment.

Another promising method is alkaline roasting, often performed with sodium carbonate (Na,COs) at high
temperatures (e.g., 875°C). This process can significantly enhance REE recovery by decomposing the
resistant aluminosilicate matrix and dissolving REY-bearing phosphate minerals, generally providing more
consistent results for HREYs than calcination alone. Following these pre-treatments, acid leaching (using
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dilute HCl or citric acid) is employed to extract the liberated elements. These methods are known and
established.

Beyond these chemical approaches, advanced technologies like supercritical fluid extraction (e.g., using
scCO,, scN,, or scAir) are also being developed for REE extraction from coal fly ash. These methods offer
notable advantages, including reduced energy consumption, the absence of liquid or organic waste, and
the production of higher purity REEs. The DOE is actively funding initiatives to advance critical mineral
recovery from various industrial facilities, including those processing mine tailings, deleterious material,
and waste streams from the coal-based industry.

The relevance of these REE extraction technologies extends to the potential for lithium recovery from
lignite found in Mississippi and coal fly ash. While the primary target for REE extraction from coal/lignite
has traditionally been elements such as lanthanum, neodymium, yttrium, and cerium, the broader
context of critical mineral recovery from coal waste explicitly includes lithium as one of the "lithophile
elements" that show "relative enrichment" in coal waste. This suggests that technologies developed for
REE extraction from lignite and coal byproducts could potentially be adapted or further investigated for
lithium co-recovery or even primary extraction, particularly from high-ash lignite. The University of North
Dakota (UND) has, for example, developed a technology for REE extraction from lignite that also yields a
"higher-quality, unique lignite."

This upgraded lignite possesses "significant potential as a unique carbon ore feedstock, used to
manufacture nonfuel carbon products, such as synthetic graphite for lithium-ion batteries". This
reinforces the pathway for lignite to contribute to the lithium-ion battery supply chain, even if DLE from
lignite itself proves challenging. This diversified economic pathway enhances the overall viability of
lignite resources by reducing reliance on a single extraction method.

This comprehensive look at Mississippi’s geological landscape reveals opportunities to secure a leading
role in the global energy transition. By leveraging the immense, high-concentration lithium brines of the
Smackover Formation through cutting-edge Direct Lithium Extraction (DLE), the state can transform
historical oilfield waste into a high-value, low-impact commodity. Simultaneously, the potential to
recover critical minerals and battery-grade feedstocks from lignite and coal byproducts ensures a
diversified and resilient resource strategy. Together, these assets—supported by existing industrial
infrastructure and a skilled energy workforce—position Mississippi not only as a vital supplier of battery
minerals but as a primary hub for technological innovation driving American energy independence.

k %k ¥ %k %

Transitioning from the deep history of our oil and gas successes to the future of energy storage, we look
to the expertise of Tim Palmer from the Mississippi Office of Geology. With a professional background
ranging from hard-rock lithium mining in West Texas to brine production, Tim represents the bridge
between our storied geological past and our future as a player in the global critical minerals market. His
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work on the lithium brines of the Smackover Formation provides the "boots on the ground" data
necessary to turn our regional brines into a strategic national asset.

Tim Palmer is a professional surface geologist with the Mississippi Department of Environmental Quality
(MDEQ) and the Mississippi Geological Survey (MGS). He is known for research in paleontology and
sedimentary geology, including identifying significant fossils near Starkville and analyzing Mississippi's
mineralogy.

SESSION I: The Lithium Opportunity for Mississippi (by Tim Palmer, State Survey Geologist at MDEQ and
President of the Mississippi Geological Society)

The Role of the Survey - Resting at the heart of this opportunity is the Mississippi Geological Survey
(MDEQ Office of Geology). The state legislature established the geological survey in 1850 with the
following objectives:

e An examination of the mineral natural resources of the State, such as metalliferous deposits,
petroleum, natural gas, as well as building stones, clays, coal, cement, water, and all other
mineral substances of value.

e The investigation, mapping, and compilation of reports on the state geology and mineral
resources.

e Studies and reports on constructional materials and their values.

e The preparation and completion of special geologic, topographic, and economic maps to
illustrate the resources of the State.

e The preparation of special reports with necessary illustrations and maps which shall embrace
both a general and detailed description of the geological and natural resources of the state. Said
reports are to be provided in sufficient number for distribution to the educational institutions of
the State, the State Library and as demand may otherwise justify.

e The consideration of such other kindred scientific, educational, and economic questions deemed
of value to the people of the State.

The State Survey stewards Mississippi’s mineral resources, providing the technically rigorous data
required to de-risk massive capital investments. With a legacy built on over 300,000 feet of core and
cuttings drilled in-house with the still operational Failing 1500 drill rig, over 30 million feet of core and
samples from 6,800 wells, over 50,000 subsurface drill logs donated by industry, and more than 500
published reports, the survey provides the scientific foundation upon which this new industry will be
built.
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Since the discovery of the Tinsley Qil Field in 1939, sparked by Mississippi Geological Survey mapping,
the state's geological economic identity has been linked to hydrocarbons. Deep beneath the pine forests
and cotton fields of Mississippi lies the Smackover Formation, an oil reservoir that has yielded over 855
million barrels of oil. As the global energy landscape undergoes fundamental transformations driven by
higher power electronic demands, a new narrative may emerge for critical mineral-rich brines.

The Gap - To understand the lithium opportunity in Mississippi, one must first understand the global
"underinvestment trap." Following the oil collapse of the mid-1980s, the commodities market shifted
from a supply-driven system to a complex, technology-dependent and integrated global market.

As a result, domestic geologic exploration budgets were slashed and discoveries plummeted. While
global demand for critical minerals has accelerated to fuel growth, decades of neglect have left us with:

e Shortage of turnkey, shovel-ready projects.

e Lack of domestic processing capacity — which is heavily concentrated outside the U.S.

e  Fragile supply chains that could pose national security and economic security risks with forced
material shortages.

The regions in the U.S. to first secure these resources will define the next century of industrial growth to
support power electronic based technology solutions. This is an opportunity for Mississippi to lead.

Mississippi’s Smackover Advantage - While lithium is often associated with the hard-rock mines of
Australia or the massive evaporation ponds of South America’s "Lithium Triangle," Mississippi’s
Smackover brines offer the distinct, high-grade alternative — and the data is compelling.

Historical data shows that Smackover brines contain prospective lithium grades ranging from 200 to 700
milligrams per liter (mg/L) of lithium. The highest value reported from Mississippi is 341 mg/L lithium.
To put that in perspective, these grades are comparable to, and in some cases exceed, the major
continental brine deposits in the Western United States.

Resource/Element Concentration in Smackover Brine

Lithium 200 - 700 mg/L

Boron Hundreds of mg/L

Bromide Thousands of mg/L

Potassium/Magnesium Percent-level concentrations (= 10,000 ppm)

Proven Pathways - To our west, Arkansas has already become a proving ground for brine production and
domestic lithium extraction. Companies like ExxonMobil and Standard Lithium have moved aggressively
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to unitize tens of thousands of acres, securing permitting pathways for commercial development.
Mississippi shares the same reservoir systems as Arkansas.

The transition from a hydrocarbon-focused economy to a critical-mineral driven advanced power
electronic economy requires more than just geology—it requires collective will. It requires the
coordination of the Mississippi Geological Survey with academic institutions, private industry, and
policymakers to transform these deep-basinal brines into a thriving industrial base.
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Q/A, The Path to Commercialization Follows Data, Law, and Technology: The potential for a lithium

boom in Mississippi is no longer a matter of geological theory; it is a question of execution. While the
Smackover Formation holds the fluids for processing, the transition from raw brine to a, for example,
battery-grade product requires strategies to enable the state’s readiness: validated data, clear public

policy, and advanced extraction technology.

I Validating the Resource: The "Priceless" Archive - The first pillar of this opportunity is the
physical evidence of the resource. Unlike other emerging plays where exploration must start
from zero, Mississippi sits on a multibillion-dollar investment made by the oil and gas industry
over the last century. The Office of Geology serves as the steward of an invaluable resource:

e The Core Archive: Over 300,000 feet of core and cuttings drilled in-house with the still operational
Failing 1500 drill rig, over 30 million feet of core and samples from 6,800 wells, over 50,000
subsurface drill logs donated by industry — dating back to the 1930s — are "on the shelf" and
available for analysis.

e Active Sampling: The USGS and Office of Geology are currently in the field, with plans to sample
produced waters and rock samples across Mississippi and Alabama this year.

¢ The Operator Advantage: By analyzing current "produced water" (brine that comes up during oil
production), operators can help map the highest concentrations of lithium without the cost of new
exploratory drilling. However, fresh uncontaminated samples are essential for any credible lithium
resource assessment, especially in a mature basin where decades of secondary recovery,
waterflooding, and pressure-maintenance can distort the original brine chemistry. Therefore, new
drilling may be required.

"It’s not just the Smackover. If you have produced waters and you want them sampled, we can
determine where the highest population of these mineral concentrations exists." — Tim Palmer

1. The Policy Frontier: Ownership and Regulation - As with any new resource, the legal framework
is a "first pillar" of public policy that must be resolved to unlock major investment. Regulatory
certainty allows a company to operate here in the state. The transition from oil production to
mineral extraction raises questions:

¢ Mineral Rights: Are these considered surface minerals or deep-subsurface rights?

e Ownership: Who owns the lithium within the brine—the landowner, the mineral rights holder, or
the operator?
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e Regulatory Pathways: While the Office of Geology provides the science, coordination with state
regulators and the Governor’s office is essential to create a "clear permitting pathway" similar to the
one established in Arkansas.

“Solving these ‘brass tacks’ issues is the prerequisite for
moving from pilot projects to commercial-scale integration.” — Joe Hagerman

1. The Technology: From Brine to Battery - The breakthrough that makes recovery competitive
is Direct Lithium Extraction (DLE). Traditionally, lithium was extracted via massive evaporation
ponds—a process that is slow and environmentally taxing. Modern innovation, supported by
institutions like Oak Ridge National Laboratory focuses on:

e lon Exchange and Solvent Extraction: Selective separation processes similar to the ion-exchange and
solvent-extraction systems used in hard-rock processing.

e Multivariate Utilization: The vision for Mississippi could be a "Circular Brine Economy." Once the
lithium is removed, the remaining brine—still enriched with other elements—can be repurposed for:
o Aquaculture: Feeding the state's significant catfish industry with mineral-rich waters.
o Carbon Sequestration: Injecting back into the reservoirs alongside the spent brine.

¢ Advanced Geomodeling: Using "digital twins" of the subsurface to predict fluid flow and
permeability, ensuring that extraction is both efficient and sustainable.

While understanding the resource is the essential first step, the critical challenge thereafter lies in the
engineering required to pull that value out of the ground—a challenge Dr. Parans Paranthaman is
addressing through the METALLIC initiative.

k* %k k % %

Technologies to Get Lithium Out of the Ground
(by Dr. Parans Paranthaman, Corporate Fellow, Oak Ridge National Laboratory)

M. Parans Paranthaman, Ph.D., is a Corporate Fellow at Oak Ridge National Laboratory (ORNL) and a
Fellow of the National Academy of Inventors (NAl), the Materials Research Society (MRS), the American
Physical Society (APS), the American Association for the Advancement of Science (AAAS), the American
Ceramic Society (ACerS), ASM International, and the Institute of Physics (IOP, UK). Dr. Paranthaman
serves as the Center Lead for Extractions and Separations at METALLIC and is a Professor on the Bredesen
Center Faculty at the University of Tennessee, Knoxville. Additionally, he serves as the Editor for

the Journal of Alloys and Compounds. https.//www.ornl.gov/staff-profile/parans-paranthaman

The Vision of METALLIC - METALLIC serves as a foundational national capability designed to accelerate
the research, development, demonstration, and deployment (RD3) of critical materials. Operating under
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a "nationwide virtual roof," it integrates the expertise of nine National Laboratories across ten states to
bridge the gap between initial research and commercialization—specifically targeting Technology
Readiness Levels (TRLs) 4 through 6+.

Dr. Paranthaman emphasized that METALLIC functions as a user facility. The Department of Energy often
provides vouchers, allowing private companies to access these National Labs to unlock technology and
drive down costs. As noted during the session, these labs are "open for business." If an operator sends "a
few buckets" of brine (such as Smackover brine) to these labs, METALLIC could perform the necessary
characterization and validation to prove the science works for that specific resource.

Solving the Lithium Challenge - A major pillar of this research is addressing the global lithium supply
gap. While lithium is abundant, current resources are heavily concentrated:

e Brines represent 61.8% of global lithium resources.

e Chile and Australia currently dominate production, while the U.S. and Canada account for only
about 2-3% of global output.

To enable a domestic “Circular Brine Economy." METALLIC focuses on Direct Lithium Extraction (DLE).
This approach is faster than traditional Salar brine evaporation and carries a significant environmental
advantage, focusing not just on lithium but on crucial co-products like potassium.

Breakthrough Extraction Technologies - Under Dr. Paranthaman’s leadership, METALLIC has established
four centers to cover the entire supply chain, with a specific focus on the Extraction and Separation
Center. Key technologies include:

e Adsorption with Aluminum Hydroxide Sorbents: A commercial-scale technology using low-cost,
earth-abundant materials. It operates across a wide range of temperatures and pH levels, requiring
only water for delithiation—eliminating the need for harsh acids.

¢ lon Exchange and Solvent Extraction: Dr. Paranthaman noted that while the fundamental science for
ion exchange and electrochemical separation is largely "there," the challenge is matching the specific

technology to the resource (e.g., geothermal vs. oilfield brines).

e Performance Metrics: These novel sorbents show a lithium capacity 5-10 times higher than
conventional materials, with specific capacities reaching 37.86 mg/g.

e Autonomous Testbeds: METALLIC utilizes Artificial Intelligence (Al)-guided autonomous chemistry
testbeds to rapidly test new extractants, incorporating on-the-fly data analysis and simulation.
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Commercialization and Real-World Application - For stakeholders who own well rights but lack technical
DLE expertise, METALLIC acts as the bridge. Dr. Paranthaman estimated an 18-month window as a
realistic timeframe for moving established lab-scale technologies into pilot systems. The goal is to take
patented technology from the lab and put it into the private sector. ORNL can also act as a facilitator to
help the state identify interested DLE technologies and providers.

With ORNL support, the technology is already moving into the field. Element3 has licensed ORNL’s
sorbent technology and successfully demonstrated first lithium carbonate production facility from
oilfield brines in Midland, Texas (https://www.element3.io/news/element3-produces-first-lithium-
carbonate-from-permian-basin-wastewater). Once lithium chloride is extracted via DLE, the process
allows for refining into lithium hydroxide or carbonate. https://gov.texas.gov/news/post/governor-
abbott-cuts-ribbon-at-element3-lithium-extraction-facility

Q/A, The Path from Technology Solution to Profit:

If geology defines the opportunity, then technology determines the timeline. In the deep-basinal-
lithium-rich-brine play of Mississippi, the transition from "raw brine" to "battery-ready" is moving from
the laboratory to the industrial field. The consensus among technical experts is clear: the science is no
longer the bottleneck—the primary challenges now are scaling, metrics, and global logistics.

I. The DLE Toolkit: Moving at the Speed of Business (not through evaporation)

Conventional lithium extraction—relying on massive evaporation ponds—takes 12 to 18 months to
produce a finished product. In contrast, Direct Lithium Extraction (DLE) technologies, currently being
piloted in the Smackover trend, can compress that timeline to a matter of hours or days.

Mississippi’s advantage lies in its compatibility with three primary DLE methods:

e Adsorption: Using aluminum hydroxide or manganese-based sorbents to selectively "trap" lithium
ions. This technology is already reaching commercial scale.

¢ lon Exchange: Employing resins that swap lithium ions for protons. This method is highly effective for
the complex, mineral-heavy brines of the Gulf Coast.

e Electrochemical Separation: Using electrical currents to drive lithium across membranes—a method
that could be powered by Mississippi’s own renewable or natural gas infrastructure.

The Fundamental Threshold Question: At a concentration of 300 mg/L, how many barrels of brine per
day are required to feed a $1 billion processing plant?

Il. The Value Chain: From Brine to International Trade - The lithium opportunity is not a hard rock
mining project. As the International Trade Office observes, the world is watching Mississippi.
International companies are not just looking for raw lithium—they are looking for stable, domestic
manufacturing hubs. Mississippi’s Value Chain could connect these dots:
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e Extraction: Tapping into the Smackover and Cotton Valley formations.

o  Multivariate Processing: Extracting lithium first, then utilizing the remaining "waste" brine for
aquaculture or carbon sequestration.

o Manufacturing: Attracting battery-makers (like Amplify Cell Technologies in Marshall County,
Mississippi) who want to sit directly atop their supply source.

e Export: Utilizing Mississippi’s international business recruitment to move value-added products into
the global market.

Ill. The Human Element: Replenishing the Workforce - The current geologic, technical workforce is
"getting older, not younger." To avoid a workforce gap, Mississippi must leverage its academic institutions
to attract and to train the next generation of geologists and mining engineers.

Mississippi Mineral Research Institute (MMRI)
(by Leo Macelloni, Director, Mississippi Mineral Resource Institute, University of Mississippi)

Dr. Leonardo (Leo) Macelloni assumed the role of Director of the Mississippi Mineral Resources
Institute (MMRI) and the Center for Marine Resources and Environmental Technology (CMRET) in
August 2024. He transitioned from the University of Southern Mississippi, where he served as
Associate Research Professor in the School of Ocean Science and Engineering and Associate Director of
the Hydrographic Science Research Center. Dr. Macelloni is no stranger to MMRI, having previously
held positions as a Postdoctoral Research Associate and Assistant Research Professor from 2005 to
2012. A native of Rome, Italy, Dr. Macelloni graduated summa cum laude from a combined Bachelor-
Master program in Geology at La Sapienza University of Rome in 2001. He furthered his education at
the same institution, earning a Ph.D. in Applied Geophysics in 2005. With over 20 years of experience
in both academia and industry across various fields of Earth Science, Dr. Macelloni's professional and
research activities have spanned coastal engineering, oil and gas exploration, deep ocean exploration,
marine minerals, underwater robotics, and ocean acoustics. His current research focuses on the
ecological characterization of marine critical minerals within the U.S. Exclusive Economic Zone (EEZ),
assessing the potential of lithium deposits in Mississippi, and developing advanced remote sensing
techniques to characterize potential offshore reservoirs of geologic hydrogen.

Understanding the MMRI: The Mississippi Mineral Resources Institute (MMRI), based at the
University of Mississippi (Ole Miss), can act as a research and development engine for the subsurface.
The MMRI’s mission is built on three pillars:

e Workforce Development: Training the next generation of geologists through student theses and
"boots on the ground" fieldwork.

o The Invisible Archive: Managing massive repositories of well logs and donated industry data that
represent millions of dollars in "sunk" exploration costs.
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e Advanced Geomodelling: Using high-performance computing to create 3D maps of the
subsurface, helping industry partners decide exactly where to drill to minimize risk.

Q: What is the MMRV’s vision (here, for critical minerals)? The vision is to turn Mississippi into a "test
bed." By partnering with industry, MMRI can help move projects forward at a fraction of the cost of
new drilling. Every donated log represents a million-dollar hole that has already been drilled; the goal
is to extract new value from that old investment.

Q: How can Al, ML, and Data Analysis help? The project could engage Genesis, a physics-driven Al
platform announced by Oak Ridge National Laboratory. This Al can "interpret” between data sets,
filling in the gaps where historical data might be incomplete. It allows researchers to use 20th-century
data to solve 21st-century energy problems.

Q: Why do we still need to resample wells if we have all this data? Historical data has a "water
problem." In the past, wells were produced for oil and gas, not for producing water. Furthermore, old
samples might be "contaminated" by fresh water pumped down the hole during the drilling and or
production process.

e The Goal: Resample 20 to 30 active producers to get "clean" brine values.

e The Target: While the Smackover is the "richest" target, formations like the Cotton Valley are
being re-evaluated to see if high-grade lithium values were simply overlooked due to poor
sampling in the past.

The summit pivoted to focus not on geological theory, but on operational Innovation. By aligning the
state’s existing institutional resources with cutting-edge physics and global trade, Mississippi is
positioning itself to leapfrog established players in the lithium market.

k* %k k % %

SESSION II: From Technology to the Market: Creating an Operational Innovation (by Steven
Walkinshaw)

Steve Walkinshaw is a consulting geologist based in Madison, Mississippi. He graduated with honors
from Millsaps College in 1981 and has 45 years of experience in oil, gas, lithium and geothermal
exploration, and is also recognized as a Subject Matter Expert in Carbon Capture and Sequestration
(CCS). Steve is a Licensed / Registered Professional Geologist in Mississippi, Louisiana and Texas and is
also an AAPG / DPA Certified Petroleum Geologist. He has presented and served as an invited panelist in
AAPG CCS conferences in Houston, Cartagena, Rio de Janeiro, and Punta del Estes, Uruguay. Over his
career, Steve has contributed much to the understanding of the State’s geology, including presentations
on the Jackson Gas Rock (2018), which was subsequently awarded the 2018 First Place Thomas A.
Philpott Excellence of Presentation Award by GCAGS (becoming only the second time a geologist from
Mississippi was honored with that award); and on the Lower Smackover Brown Dense Limestone, which
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was subsequently awarded the 2020 Second Place Thomas A. Philpott Excellence of Presentation Award
by GCAGS. Steve has also served as the Chairman of the Mississippi State Mapping Committee, which
oversees and approves the annual budget for the state’s Office of Geology, a division of the Mississippi
Department of Environmental Quality, since 2017.

Setting the Context

Exploration for subsurface brine-sourced critical minerals in the U. S. Gulf Coast area, particularly lithium
and bromine, currently focuses on the extraction of mineral-rich brine from the Smackover Formation, a
porous and permeable limestone of Jurassic age that extends in a broad arc from East Texas to the
Florida Panhandle and the offshore Gulf of America.

Southwest Arkansas is the current nexus for such Smackover brine exploration, primarily because of
prudent investment by the State in the 1950s that led to the underwriting of geochemical sampling of
the brine produced from the Smackover oil wells in the area at that time. This extensive sampling,
conducted at minimal cost, led to the discovery of high levels of bromine, lithium and other minerals
that were dissolved in the brine of the Smackover limestone. This extensive geochemical database
immediately attracted manufacturers that constructed two large plants and began extracting bromine
from the brine 70 years ago, and it has recently formed the basis for the investment of billions of dollars
in the exploration for optimal areas of lithium concentrations in Southwest Arkansas and the proposed
construction of several large Direct Lithium Extraction (“DLE”) facilities in the region.

The mature network of brine-producing wells and plants established by the bromine extraction industry,
along with its extensive Smackover brine geochemical database, has given the State of Arkansas an early
lead in the quest for brine-sourced lithium, since the extraction methods are similar and the producing
history of the wells in the area clearly demonstrate that the Smackover limestone in that area can
sustain the production, from multiple wells, of brine in commercial volumes (up to 20,000 barrels of
saltwater per day, per well). That having been noted, Smackover brine containing high concentrations of
lithium can be produced at similarly high rates elsewhere across the Gulf Coast, especially in Mississippi.

Given its head start, Arkansas currently leads the Gulf Coast in subsurface lithium exploration, but the
regional extent of the Smackover limestone across a six-state area has encouraged similar exploration
elsewhere. While the highest concentrations of lithium discovered to date have been in northeast Texas,
guestions remain about the capability of the Smackover reservoir to produce brine in commercial
volumes in that area.

As a Mississippi-based subsurface geologist with 45 years of experience, Steve Walkinshaw has been
involved in the exploration for brine-sourced lithium in the Gulf Coast area since 2018. He presented his
perspectives regarding the potential for discovering and producing lithium from brine in Mississippi and
the surrounding states.
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Arkansas: for the reasons cited, southwest Arkansas currently hosts the most established lithium
exploration and production trend in the Gulf Coast, particularly in Lafayette and Columbia Counties. The
trend has also extended westward into Miller County, Arkansas and Cass County, Texas.

e Concentrations: The lithium trend "fairway" in southwest Arkansas is relatively narrow (6 to 7 miles
wide), with published lithium concentrations in the key counties averaging 234 ppm and exceeding
445 ppm in the best areas. The constraint of the fairway area is not just attributable to the
concentration of lithium in the Smackover brine; it is also dependent upon the distribution of
sufficient porosity and permeability in the Smackover limestone, especially the Reynolds Oolite of
the Upper Smackover. The commercial production of lithium from brine using Direct Lithium
Extraction (DLE) currently requires large volumes of lithium-rich brine; other methods, such as
fractional crystallization, require smaller volumes of brine but have other limitations.

e Infrastructure and Cost: The production of marketable lithium products (lithium carbonate, etc.)
from brine requires the construction of an extensive system of brine-producing wells, brine injection
wells (to return the spent brine from a plant back to the Smackover reservoir from whence it came,
via a closed-loop system), and the DLE plant itself (all interconnected by a network of pipelines).
Modifications to the local electrical grid and railroad infrastructure (as well as roads and access to
navigable waterways) are typically necessary as well. In southwest Arkansas, economic data
pertaining to the construction and operation of ExxonMobil Low Carbon Solutions’ proposed "Pine
Unit" DLE facility in Lafayette County, submitted by the company as part of its brine unit application
(in the public domain), reveals the high cost of entry, with an estimated $582 million in initial capital
expenses and $289 million in annual operating expenses. While the scale and output of a DLE plant
can vary, ExxonMobil’s cost estimates present a sobering illustration of the costs attributable to the
construction and operation of a large DLE facility.

e Policy: Arkansas statutes generally began defining brine as a “mineral,” and not “waste” (the
previous definition) in 1955. Around that time, the Arkansas Qil and Gas Commission established
rules for the compensation of the pore rights owners for the extraction of minerals from their brine,

|II

including annual “payments in lieu of royalties” (currently around $65.05 per acre). However, the
recent surge in brine leasing and proposed brine units for lithium extraction has led to the petition of
brine unit applicants for the establishment of a Commission-approved lithium royalty to be paid in
addition to the annual payments in lieu of royalties. That royalty, in those approved brine units

intended specifically for the extraction of lithium from the brine, has recently been set at 2.5%.
Mississippi: the Emerging Frontier — brine-sourced lithium exploration and production in Mississippi is
nascent, characterized by significant potential but the need for legal clarification and economic support
from the State.

e Resource Potential: the existing geochemical database (in the public domain) indicates Smackover

brine concentrations of lithium in south Mississippi average 79 ppm with the maximum
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concentration measured to date being 341 ppm. This is a range of concentrations similar to those of
southwest Arkansas (inside and outside of its lithium “fairway”) and suggests that commercial
concentrations of lithium (greater than 200 ppm) are present in certain areas in the State.

¢ Geological Provenance: Walkinshaw’s research suggests the Smackover Limestone in the U.S. Gulf
Coast is merely “the vessel"; in other words, the “current” salt water trapped within the Smackover
Limestone has been enriched in the distant past by the introduction of large volumes of hypersaline
mineral-enriched brine expelled from other reservoirs. This has positive implications for subsurface
lithium exploration in Mississippi, beyond the Smackover itself.

e Current Statutes: Unlike Arkansas, Mississippi currently defines brine as "waste" rather than a
mineral. Brine-sourced minerals extracted from brine are clearly not waste. This contradiction adds
ambiguity to the rights of surface and mineral owners (or their lessees). Furthermore, lithium
royalties and payments in lieu of royalty are not yet set by statute in Mississippi, and Walkinshaw
expressed his opinion that brine-sourced mineral royalties are best negotiated by and between the
surface and mineral owners and their lessees (and not set by the State, as is the case in Arkansas).
Mississippi does have an established Salt Severance Tax on the “value of entire production of salt”
from brine; but this currently does not apply to all brine-sourced minerals, just sodium chloride.

Alabama and Louisiana

e Alabama: Similar to Mississippi, Alabama currently views brine as waste and has no established
lithium royalty statutes. Based upon the currently accessible geochemical database that is in the
public domain, the average lithium concentration in the State’s Smackover reservoirs averages
75 ppm with the maximum concentration measured to date being 128 ppm. Alabama does have
a severance tax of one penny ($0.01) per ton of products produced or derived from brine.

e Louisiana: Because of recent legislation, Louisiana now defines brine as a mineral, but lithium-
specific royalties or payments in lieu of royalties have not yet been set by statute. Louisiana does
have a severance tax of $0.005 per ton of products (other than salt) produced or derived from
brine.

The (Current) Economic Realities of Lithium Exploration and Production

Walkinshaw’s presentation emphasizes, however, that high mineral concentrations are only one
constituent of the commercial extraction of lithium and other critical minerals from brine.

Flow Rates are also critically important. A large-scale DLE facility requires a brine reservoir that not only
contains commercial concentrations of lithium but is also sufficiently porous and permeable (and thick
enough) to sustain the production of 10,000 to 20,000 barrels of brine per day per well. The reservoir
must be capable of supporting the installment of numerous high-flow-rate brine producing wells within
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an acceptable spacing pattern that also accommodates an adjacent grid of high-volume injection wells
located within the unit. These brine injection wells, comprising an integral part of the environmentally
friendly DLE “closed loop system,” will return the spent “tail brine” (from the plant) to the reservoir while
also serving to maintain reservoir pressure.

The Needs for Mississippi’s Market Growth - To compete with the more established Arkansas market,
the presentation identifies several critical steps for Mississippi:

1. Legal Clarification: of the definition of brine as a “mineral,” not a "waste"; of the ownership of pore
rights and the definition of brine and brine-sourced minerals; the force integration of brine units;
and related statutes.

2. Data Acquisition: Sponsoring the geochemical analyses of brines sampled from existing and/or
abandoned oil and gas wells and the analyses of cores and cuttings stored at the Mississippi Office
Geology Core and Sample Library to identify lithium-bearing minerals in the true source rocks.

3. Economic Incentives: Developing specific incentives for the construction of DLE facilities and similar
lithium extraction plants; coordinating work with counties to incentivize the use of industrial parks.

A Regional Market Comparison: The "Arkansas Blueprint" vs. Mississippi - A central theme of the
summit was whether Mississippi should "duplicate" the Arkansas model. Steve provided a detailed look
at why Arkansas is the current benchmark for brine-sourced lithium exploration, but not all its
precedents should necessarily be followed.

e Arkansas's Current Geochemical Data Advantage: Arkansas’ modest investment in geochemical
sampling in the 1950s accounts for its leadership today. Regardless of what minerals are present, it is
clear that the more geochemical sampling performed in a state, the greater the chances that a
critical mineral will be discovered to exist in commercial concentrations in the brines of a reservoir
(in certain areas of the state). Walkinshaw reiterated his earlier comment that the Smackover is

IM

“only the vessel” and suggested other formations could also host commercial quantities of critical

minerals within their brine reservoirs.

e Mississippi's "Early Days": While one geochemical sample in Mississippi indicates a state record high
lithium concentration of 341 ppm (and, concurrently, a record high bromine concentration of 5,343
ppm), Walkinshaw noted that the state currently has relatively few published Smackover brine
geochemical analyses in the public domain; accordingly, it is critically important to encourage the
acquisition of additional geochemical analyses and to determine whether the record high lithium
concentration of 341 ppm is an outlier or a bona fide indicator of a currently undefined commercial
lithium "fairway". Bromine should not be overlooked either; bromine is an increasingly important
component of flow batteries, particularly for large-scale, stationary grid storage, due to its high
energy density, low cost, and high solubility in electrolytes.
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¢ Confirmation of High Producibility / Rates: As noted previously, to support high-capacity DLE
facilities, brine reservoirs must be capable of pumping 10,000 to 20,000 barrels of brine per day per
well from multiple wells within an established brine unit. Steve believes there are areas within the
Smackover Trend (and other reservoirs) in south Mississippi that would sustain such high rates of
production but emphasizes additional testing must be done to demonstrate this high rate is
achievable (and sustainable).

The Sobering Reality of the Current Economics of Direct Lithium Extraction — Steve’s presentation also
highlighted the challenges confronting domestic producers of brine-sourced lithium who are subjected
to global market volatility and uncertainty because the benchmark prices of lithium carbonate and other
marketable products are controlled by foreign entities often motivated to suppress new sources of
supply discovered in other countries.

e Currently Low Price of LiCE: ExxonMobil Low Carbon Solutions’ economics for its Arkansas Pine Unit
application were submitted assuming lithium carbonate equivalent (LiCE) prices of $17,500 per
metric ton. However, as Walkinshaw pointed out, recent LiCE prices have fluctuated between $8,000
and $12,000 per metric ton (last quarter: around $10,350 per metric ton), adding commercial
uncertainty to current or contemplated DLE projects.

e Foreign Market Influence: Several Summit speakers noted that Chinese bourses (exchanges), like the
Guangzhou Futures Exchange (GFEX), exert significant control over LiCE prices. These exchanges are
subject to manipulation by those within the CCP whose intent is to maintain China’s near monopoly
on LiCe production. A bipartisan U.S. House committee report alleged that China has manipulated
critical mineral prices, including lithium, for decades to expand its manufacturing dominance.
Historical parallels have been drawn to the solar industry, where prices were allegedly driven down
to suppress U.S. domestic manufacturing — or, in this instance, the domestic extraction of lithium.

e Technology Costs: Large -scale production of lithium carbonate using DLE is expensive, as
demonstrated by the CAPEX and OPEX costs recently submitted by ExxonMobil Low Carbon Solutions
in support of its southwest Arkansas Pine Unit application. As Steve pointed out, one major recurring
OPEX cost for acid wash — based DLE systems (that rely upon acid to disassociate lithium from
sorbents in DLE facilities) is "sorbent destruction" — such harsh acids used in the extraction process
rapidly degrade and ultimately destroy sorbents or resins after only a few cycles of use and these
strong acids also attack the reactor vessels and other equipment. The spent acid must also be
disposed of or otherwise neutralized in an environmentally safe manner. Walkinshaw noted there
are other alternatives to acid wash — based DLE systems that can be utilized by DLE operators.

k* %k ¥ % %
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From the two sessions, we discussed the spectrum of science to technology. This discussion also
highlighted key public policy decisions which, when answered, pull technology into the market or push
on science to develop new methods and solutions. But this discussion and any actions are not in a
vacuum. Therefore, we must understand the state’s goals and federal actions.

Policy Considerations for Mississippi’s Critical Mineral Industry

The critical minerals supply chain is undergoing a profound structural shift, driven by the dual
imperatives of the energy transition and national security. At the heart of this transformation is lithium
due to its indispensable role in the production of high-performance batteries. But lithium is only one
critical mineral needed domestically for advanced manufacturing and other industrial uses.

For the United States, the urgency of securing critical minerals supply chains has never been greater.
Geopolitical tensions and market volatility underscore the risks of overreliance on foreign adversaries,
particularly China, which dominates the refining and processing of rare earth elements and battery
minerals (see Appendix A for a list of administration actions to secure the critical mineral resources in
the U.S.).

It is here that Mississippi finds itself at the threshold of a generational economic opportunity.

The state sits atop a significant portion of the Smackover Formation, a geological unit that stretches
across the Gulf Coast and is increasingly recognized as one of the most promising lithium and other
critical mineral-brine resources in the world. The Smackover Formation is an Upper Jurassic carbonate
unit that has historically been the focus of intense oil, gas, and bromine exploration. In Mississippi, the
formation’s unique lithology and depth (often exceeding 8,000 feet) have created an environment
conducive to the concentration of lithium- and other critical mineral rich-brines.

Recent geochemical assessments have revealed that Mississippi’s subsurface brines may possess lithium
at concentrations that are economically viable for extraction. However, Mississippi’s public policies may
not be structured to capitalize on this opportunity.

Federal Administration Actions - Concurrently, the Trump administration significantly overhauled U.S.
critical minerals policy, shifting away from climate-focused goals toward "Energy Dominance" and
competition with China. Actions by the Department of Energy reflect a broader strategy to repurpose
existing funds and enact new legislative "carve-outs" to protect domestic mining and processing.

The President’s Goal of "Energy Dominance" - President Trump’s primary goal is to achieve American
Energy Dominance by onshoring the entire supply chain. Key Executive Orders include:

e EO 14154 ("Unleashing American Energy"): Signed on Day 1 (January 20, 2025), it directed

agencies to remove "burdensome regulations" hindering domestic mining and to prioritize the
development of oil, gas, and minerals over renewable energy mandates.
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e EO 14156 ("Immediate Measures to Increase American Mineral Production"): Signed in March
2025, this invoked emergency powers to expedite permitting. It created the National Energy
Dominance Council (NEDC) to fast-track "priority projects" (those that can be "immediately
approved") and waived certain statutory requirements for Defense Production Act (DPA)
funding.

¢ "Project Vault" (2026): A $12 billion initiative to build a national strategic stockpile of critical
minerals (similar to the Strategic Petroleum Reserve) to protect against Chinese supply
disruptions. See below for Project Vault’s specifics.

Department of Energy Secretary Chris Wright’s Repurposing of Funding - Secretary Chris Wright
announced nearly $1 billion in funding (specifically around August 13-18, 2025) to scale domestic
mining, processing, and manufacturing.

¢ The Repurposing: This funding was originally authorized under the Bipartisan Infrastructure Law
(BIL) and the Energy Act of 2020. While the BIL originally focused heavily on "green energy" and
decarbonization, the administration redirected these funds to align with the "Unleashing American
Energy" agenda.

o Target Areas: The S1 billion is split across several programs:
e $500 Million: Battery materials processing and recycling.

e $250 Million: Extracting critical minerals as byproducts from existing industrial and coal-
based facilities.

e $135 Million: Rare Earth Element (REE) demonstration facilities to reduce dependence on
Chinese refining.

e $50 Million: A "Critical Minerals and Materials Accelerator" for technology like direct lithium
extraction.

The "One Big Beautiful Bill" (OBBB) Critical Mineral’s Carve-Out - The One Big Beautiful Bill Act
(OBBBA), signed into law on July 4, 2025, is a massive reconciliation bill that repealed or amended large
portions of the Inflation Reduction Act (IRA). The "Critical Minerals Carve-Out": While the OBBB repealed
many clean energy credits (like the Electric Vehicle/EV tax credit), it specifically preserved and modified
the Section 45X Advanced Manufacturing Production Credit for critical minerals to act as a protectionist
tool:

Pg. 30



e Delayed Phase-Out: Unlike solar and wind credits, which were terminated or phased out rapidly,
the OBBB created a specific "carve-out" for critical minerals. Their phase-out does not begin
until 2031, and it continues through 2033.

e The Metallurgical Coal Addition: The bill added metallurgical coal (used in steelmaking) to the
official list of "critical minerals" eligible for the 45X credit through 2029.

e Stricter Sourcing (FEOC Rules): The "carve-out" came with a catch: it imposed aggressive Foreign
Entity of Concern (FEOC) restrictions. Any project receiving "material assistance" from a
"prohibited foreign entity" (largely targeting China) is disqualified.

e Material Assistance Cost Ratio: The OBBB introduced a new metric where the credit is
eliminated if a facility's "material assistance cost ratio" from foreign adversaries is too high
(starting at 40% in 2026 and rising annually).

Federal Policy Alignment: The Project Vault Paradigm - The federal government has launched "Project
Vault" (also known as VaultCo), a $12-billion initiative to establish a Strategic Critical Minerals Reserve.

¢ Financing: Backed by a $10-billion EXIM loan and nearly $2 billion in private capital.

e Function: Designed to function like the Strategic Petroleum Reserve, Project Vault
stores sixty essential minerals to shield U.S. manufacturers from supply shocks and foreign price
manipulation.

e Strategic Opportunity: Project Vault creates a "price floor" that attracts long-term investment by
guaranteeing a market for domestic producers, reducing the risk that prices will fall below the
cost of production.

This report includes a comparison of Arkansas, Louisiana, and Texas with the focuses on synthesizing
how neighboring jurisdictions have successfully transitioned the legal status of brine from a "waste
product” to a strategic "mineral," a fundamental prerequisite for attracting large-scale industrial
investment — and the federal demand signals helping form the industry achieve its goals.

This document, however, does not prescribe Mississippi’s answers to these outstanding questions, but
provides options pursued in other Southern states. The research involves:

¢ Regulatory Mapping: Reconciling pore space ownership with dominant estate doctrines to
identify pathways for clear title and royalty structures.

o Federal Alignment: Analyzing national security-related programs, specifically the $12 billion

"Project Vault" initiative, to understand the interface between a state’s extraction efforts and
federal reserves.
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e Technological Evaluation: Investigating the economic viability of extraction models that combine
modular Direct Lithium Extraction (DLE) with traditional methods that may mitigate capital costs.

¢ Infrastructure Benchmarking: Evaluating state-level geological survey modernizations required
to convert historical drilling data into actionable digital assets.

* %k k k *

Aligning Mississippi with the Federal "Energy Dominance" Agenda

The Challenges: Regulatory Inertia in a High-Stakes Federal Environment - Mississippi stands at a critical
juncture where the primary barrier to economic development is no longer geological, but regulatory. The
current "business as usual" approach maintains a landscape of uncertainty that deters the massive
capital investments required for commercial-scale mineral extraction. This inertia is particularly risky in
2026, as the federal government has pivoted sharply toward a protectionist and aggressive "Energy
Dominance" strategy.

Without clear state-level reform, Mississippi cannot effectively interface with federal mandates

like Executive Order 14154, which directs agencies to prioritize domestic mining over renewable
mandates, or EO 14156, which invokes emergency powers to fast-track permitting for projects of
national significance. If our brines remain legally classified as "waste," we lack the foundational standing
to qualify for these "priority project" designations, essentially leaving Mississippi on the sidelines while
federal resources flow to states with modernized statutes.

The Solutions: Regional Benchmarking and the "Project Vault" Integration - To resolve these issues,
Mississippi must adopt a framework that speaks the language of current federal initiatives. By
reclassifying brine as a "mineral" and empowering the Mississippi Oil and Gas Board (OGB), the state
creates a "One-Stop" permitting portal that mirrors the efficiency of the National Energy Dominance
Council (NEDC).

This alignment is critical for accessing "Project Vault," the federal government's $12 billion strategic
stockpile initiative. By establishing a guaranteed "price floor" for essential minerals, Project Vault shields
Mississippi producers from foreign price manipulation. Furthermore, through the One Big Beautiful Bill
(OBBB), the federal government has preserved the Section 45X Advanced Manufacturing Production
Credit specifically for critical minerals, provided they meet strict Foreign Entity of Concern

(FEOC) restrictions. Mississippi’s policy must provide the transparency and data required for local
projects to prove they are free from "prohibited foreign assistance," thereby securing these lucrative tax
credits through 2033.
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The Framework: The Mississippi Subsurface Governance Framework

To move the state toward bankable industrial assets that satisfy both private investors and federal
participants, the following framework organizes these solutions into a cohesive strategy:

Pillar I: Legal Certainty (The Foundation) - GOAL: To resolve title and property disputes proactively,
ensuring Mississippi is "legally visible" and bankable for global investors.

The greatest barrier to investment is not the depth of our resources, but the ambiguity of our laws.
Currently, mineral-rich brines are often classified as "waste," leaving investors with no clear path to title
or standardized royalty structures. This pillar establishes the legal bedrock required for any company to
justify a $500 million capital expenditure in Mississippi rather than a neighboring state.

e Mineral Status and Statutory Cutoff: Formally reclassify brine as a "Critical Mineral" while
establishing a 1955 Statutory Cutoff Date. This ensures that reclassification applies prospectively,
preventing retroactive "Quiet Title" lawsuits that could freeze investment for years.

e The "Balanced Dominance" Rule: Codify that while surface owners hold possessory rights to the
subsurface "void" (pore space), the mineral estate remains the dominant user for both extraction
and pressure maintenance (reinjection).

e Unitization and Escrow: Establish a 60% "Active Consent" Threshold for force integration. To manage
fractured titles caused by "stepchildren and divorces," authorize the OGB to establish Escrow
Units for unlocatable owners, allowing projects to proceed while protecting all interests.

Pillar Il: Operational Capability (The Intelligence) - GOAL: To bridge the gap between 1950s-era "analog"
oil data and 21st-century "physics-driven" mineral science.

Mississippi is sitting on a $3-billion geological treasure map, but much of it remains on dusty shelves or
in raw, uninterpreted formats. Data is only as good as the tools used to process it, and Al is only as good
as the "ground truth" provided by human practitioners. This pillar ensures that our technical intelligence
is grounded in physical reality, not just digital hopes.

e The "Processed Data" Mandate: Update OGB regulations to require the submission of Processed
Petrophysical Interpretations and Mud Logs. Raw logs are "blind" to brine chemistry; only mud logs
capture the "expulsion signatures" needed to find high-value pathways.

e Human-Verified Al: Mandate that all "Physics-Driven Al" outputs be verified by a Licensed

Professional Geologist with regional experience. This ensures that Al models are grounded in "scout
tickets" and physical samples, reducing the risk of "invented" geology.
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e State-Owned Data: Legislate that the State Sample Library must remain in a State-Owned Facility.
This removes the risk of a private lease termination leading to the disposal of thirty million feet of
irreplaceable core samples.

Pillar I1I: Fiscal and Capital Strategy (The Engine) - GOAL: To leverage federal tax credits and strategic
price floors while shielding local operators from global market volatility.

Commercial lithium extraction requires massive upfront costs in a market often manipulated by foreign
adversaries. To compete, Mississippi must provide a fiscal "floor" that complements federal incentives
like Project Vault and Section 45X tax credits. This pillar ensures that the capital for these projects stays
in Mississippi banks.

e Competitive and Variable Royalties: Implement a 2.5% Gross Royalty (matching regional
benchmarks) but add a Price-Indexed "Slide." If global prices crash, the royalty scales down to keep
the pumps running; if they spike, the state captures the windfall.

e CAPEX De-Risking: Offer a 6-Year Severance Tax Holiday for the first Direct Lithium Extraction (DLE)
pilot facilities.

e Federal Alignment and Exit Contingency: Coordinate with the National Energy Dominance Council
(NEDC) to ensure MS lithium meets purity standards for the $12B Strategic Reserve. Require projects
to have a Private Capital Backstop to prevent "stranded assets" if federal priorities shift.

Pillar IV: Ethical Policy and Social License (The Guiderails) - GOAL: To balance the risks and benefits of
rapid development, ensuring community trust and protecting local businesses.

You cannot have a single pipe in the ground without a "social license." History shows that public
perception and misinformation can stall even the most scientifically sound projects. This pillar focuses on
transparency and ethical alignment to ensure that Mississippi’s citizens and small businesses are
partners in this growth, not obstacles.

e The "Ten-Foot-Tall" Transparency Protocol: Host Technical Town Halls led by engineers, not
lobbyists. Counter fearmongering with real-time pressure and water quality monitoring data made

publicly available.

e Local Business "Pioneer" Protection: Reserve a portion of the Stratigraphic Confidentiality windows
and "Project Vault" integration pathways specifically for Mississippi businesses.

Pillar V: Industrial Ecology (The Future) - GOAL: To maximize the "Total Value" of every gallon of brine
and ensure a circular industrial legacy.
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The future of the energy transition is not just about extraction; it is about "Circular Economy"
integration. We have a unique opportunity to squeeze every penny of value out of our subsurface fluids
before they are reinjected. This pillar shifts the state's focus from "mining and leaving" to building a
permanent, high-tech industrial ecosystem.

e Phase-Change Safety Zoning: Permit "Co-Location" projects (like catfish ponds or geothermal) only
after a Third-Party Engineering Audit. Supercritical fluids are unstable; we must prevent a
catastrophic "Phase Change" from liquid to gas during heat exchange.

¢ Unified Permitting for Cascading Minerals: Create a single permitting pathway that allows a site to
extract Lithium, then Bromine, then Magnesium, effectively turning "tail-brine" into feedstock for
secondary industrial processes.

By hardening these five pillars with technical accountability and geological ground-truth, Mississippi is
signaling that our state is open for business—but that our business is led by the rocks and the logs,
ensuring prosperity that is durable.

* %k %k k %

Conclusion

Mississippi stands at a generational crossroads where the cost of inertia far outweighs the risk of
innovation. To remain in our current regulatory state is to remain "legally invisible" to the global market,
effectively conceding the Gulf Coast lithium fairway to neighboring jurisdictions. By transforming our $3
billion subsurface "treasure map" from a 1950s analog relic into a high-fidelity digital asset, we provide
the technical and legal certainty required to ensure the next $500 million industrial investment is
anchored in a Mississippi bank rather than diverted across state lines. This framework is not merely a
strategy for short-term extraction, but a blueprint for a century-long legacy—an integrated, circular
industrial ecosystem that transforms Mississippi from a passive observer into a global leader in the new
energy economy.

k sk %k %k 3k
State Considerations and Possible Actions
1. Legislative and Statutory Consideration

These require drafting bills and securing legislative sponsors for the 2026 session to fundamentally
change how Mississippi code treats subsurface fluids.
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e Statutory Reclassification: Draft legislation to legally redefine brine from "waste" to a "Critical
Mineral," including the specific "1955 Statutory Cutoff Date" to prevent retroactive quiet title
lawsuits.

e Codify "Balanced Dominance": Establish the legal precedent that the mineral estate is the
dominant user of the subsurface void (pore space) for both extraction and reinjection.

e Unitization Thresholds: Legislate a 60% "Active Consent" threshold for force integration to allow
unitization to move at the speed of the market.

e Protect the Data Archive: Draft a mandate ensuring the thirty million feet of core samples at the
State Sample Library must permanently reside in a State-Owned Facility to prevent private lease
risks.

2. Regulatory and Permitting Overhaul (Agency Coordination)
These actions require interagency coordination, specifically driving rule changes within the Mississippi
Oil and Gas Board (OGB) and MDEQ.

e The "One-Stop" Portal: Consolidate the permitting pathway through the OGB to mirror the
federal National Energy Dominance Council (NEDC), allowing Mississippi to qualify for federal
fast-tracking.

e Update Logging Mandates: Change OGB regulations to require operators to
submit Processed Petrophysical Interpretations and Mud Logs, rather than just raw logs, to
capture chemical expulsion signatures.

e Establish Escrow Units: Authorize the OGB to create Escrow Units for unlocatable mineral
owners so fractured titles do not stall commercial projects.

e Unified Cascading Permitting: Build a sequential permitting pathway that allows operators to
extract multiple minerals from the same fluid stream (e.g., Lithium, then Bromine, then
Magnesium).

e Al Verification and Safety Audits: Mandate that all "Physics-Driven Al" subsurface models be
verified by a Licensed Professional Geologist. Additionally, require Third-Party Engineering Audits
for any "Co-Location" projects (like geothermal or aquaculture) to prevent supercritical fluid
phase-change disasters.

3. Fiscal and Capital Strategy (Market Mechanics)

These actions establish the economic environment required to de-risk operator CAPEX and interface with
federal capital.
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e Establish the Royalty "Slide": Implement a 2.5% Gross Royalty framework that features a "Price-
Indexed Slide" —scaling down when global markets crash and scaling up to capture windfalls
when prices spike.

¢ Implement the Tax Holiday: Operationalize a 6-Year Severance Tax Holiday specifically targeted
at the first wave of Direct Lithium Extraction (DLE) pilot facilities.

e Federal "Project Vault" Integration: Ensure the state's extraction purity standards align with the
NEDC to qualify Mississippi lithium for the $12 billion federal strategic reserve and the
accompanying $10 billion EXIM loans.

e Require Capital Backstops: Institute a requirement that operators hold a "Private Capital
Backstop" to prevent the state from inheriting stranded assets if federal priorities or tax credits
shift.

4. Technical Execution (The Science and Data Pipeline)
This requires deploying funds and managing the academic and geological institutions (like MDEQ's Office
of Geology and the MMRI) to generate public-facing data.

e The Strategic Sampling Initiative: Authorize, fund, and execute the physical resampling of 20 to
30 active producers to acquire "clean," uncontaminated brine values for the public domain.

5. Social License and Public Engagement (Community Trust)
These are outward-facing initiatives to ensure local buy-in and protect state interests.

¢ Real-Time Data Publishing: Set up the infrastructure to publish real-time pressure and water
guality monitoring data to the public to combat misinformation.

e "Pioneer" Protections: Carve out specific portions of Stratigraphic Confidentiality windows and
Project Vault integration pathways exclusively for local Mississippi businesses.

k %k ¥ k %k
Glossary of Key Terms
Balanced Dominance Rule A proposed legal framework clarifying subsurface rights. It acknowledges that
while surface owners hold possessory rights to the subsurface "void" (pore space), the mineral estate

acts as the dominant user for both the extraction of mineral-rich fluids and the necessary pressure
maintenance (reinjection) required for operations.
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Brine (Produced Water) Highly saline water found deep within subsurface geologic formations,
historically brought to the surface as a byproduct of oil and gas extraction. Currently defined by
Mississippi statute as "waste," the framework proposes reclassifying it as a "Critical Mineral" due to its
high concentrations of lithium, bromine, and other valuable elements.

Circular Brine Economy (Industrial Ecology) An integrated, multi-stage industrial model where extracted
brine is sequentially processed for multiple valuable outputs (e.g., lithium, then bromine, then
magnesium) and its thermal energy is utilized for secondary industries (like aquaculture or geothermal
power) before the spent fluid is safely reinjected into the reservoir.

Direct Lithium Extraction (DLE) A suite of advanced, closed-loop extraction technologies—including
adsorption, ion exchange, and solvent extraction—that selectively isolate lithium ions from brine. DLE
compresses production timelines from years to hours, yielding higher recovery rates (80-95%) with a
fraction of the environmental footprint of traditional solar evaporation or hard-rock mining.

Force Integration (Unitization) A regulatory mechanism that combines multiple leased or unleased
mineral and pore-space interests into a single operational unit to efficiently extract resources. The
framework proposes a 60% "Active Consent" threshold to trigger this process, allowing projects to move
forward without being stalled by fractured or unlocatable titles.

Foreign Entity of Concern (FEOC) A federal statutory designation used to restrict incentives. Under
current federal laws, domestic projects receiving "material assistance" from a prohibited foreign entity
(often targeting adversarial supply chains) are disqualified from receiving lucrative manufacturing tax
credits.

Lithium Carbonate Equivalent (LiCE / LCE) The standard industry metric used to measure, compare, and
price lithium products across global markets, regardless of whether the final refined product is lithium
carbonate or lithium hydroxide.

National Energy Dominance Council (NEDC) A federal body established via Executive Order to invoke
emergency powers and fast-track the permitting of "priority projects" related to domestic mineral
production and energy independence.

One Big Beautiful Bill Act (OBBBA) A major federal reconciliation act (passed July 2025) that overhauled
clean energy credits but explicitly preserved and modified protectionist tax incentives—specifically the
Section 45X Advanced Manufacturing Production Credit—for domestic critical minerals through 2033.

Petrophysical Interpretations and Mud Logs Advanced analytical records of the geological formations
penetrated during drilling. Unlike raw logs, which can be "blind" to brine chemistry, mud logs and
processed interpretations capture the specific chemical "expulsion signatures" necessary to locate high-
value mineral pathways.
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Pore Space (Subsurface Void) The microscopic empty spaces within a rock formation where fluids like
brine, oil, or gas are trapped. Establishing clear legal ownership and utilization rights of this space is a
prerequisite for both DLE extraction and the reinjection of spent "tail brine."

Project Vault (VaultCo) A $12-billion federal initiative backed by EXIM loans designed to establish a
Strategic Critical Minerals Reserve. It functions similarly to the Strategic Petroleum Reserve, storing
essential minerals to shield U.S. manufacturers from supply shocks and providing a guaranteed "price
floor" for domestic producers.

Section 45X Advanced Manufacturing Production Credit A highly lucrative federal tax credit designed to
incentivize the domestic mining, refining, and processing of critical minerals. Access to this credit
requires strict adherence to FEOC sourcing rules.

Smackover Formation An Upper Jurassic porous and permeable limestone formation stretching in a
broad arc across the U.S. Gulf Coast. Historically a prolific oil and gas reservoir, its deep, highly
evaporated seawater brines are now recognized as one of the largest and most concentrated
sedimentary lithium resources in the world.

Statutory Cutoff Date A proposed legislative mechanism (e.g., setting a baseline of 1955) to ensure that
the reclassification of brine from "waste" to a "mineral" applies prospectively. This prevents retroactive
"Quiet Title" lawsuits regarding historical oilfield production from paralyzing new investments
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