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Geological Survey

Critical minerals: Reasons for hope

The U.S. Geological Survey identifies 50 mineral
commodities that are considered critical to the U.S.
economy and national security. There are many reasons
to despair for increasing domestic production of critical
minerals, such as long permitting times, and loss of
mineral processing and refining capabilities in the United
States. However, sessions and presentations in this
workshop provide reasons for hope. Improved coverage
of landscape-scale data such as lidar, airborne
geophysical surveys, and remote sensing data provide valuable tools to the exploration
industry. Increasing research on the mineralogy and deportment of critical minerals can
combine with efforts to increase recovery at operating mines and from mine waste.
Expanding the critical minerals workforce through education and training at universities,
trade schools, and community colleges will help provide the personnel that are required for
the future of the industry, and education of the public can help mitigate the negative
perception of mining. Innovations in mineral processing, refining, and recycling can increase
recovery of critical minerals. The growing focus on critical minerals from all sectors of
society might help provide support for future domestic mining, mineral processing, and
refining.

Biography

Jeff Mauk has a BSc degree in Biology and Geology from the University of North Carolina at
Chapel Hill, an MSc degree in Geology from the University of Montana, a Ph.D. in Geology
from the University of Michigan, and seven years of industry experience as an exploration
and mine geologist. He led the Mineral Deposit Research Group at the University of
Auckland in New Zealand for nineteen years, and then spent more than 12 years as a
Research Geologist at the U.S. Geological Survey in Denver, Colorado before retiring in May
2025.
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impacts of environmental ligands are unclear, further complicated by
inaccurate thermodynamic data. This presentation summarizes new
molecular insights into REE and PGE interactions with clay and oxide
minerals that generate regolith-hosted deposits as well as initial steps in
characterizing critical mineral redistribution mechanisms in mine wastes.

11:45-12:00 Margaret Goldman
United States Geological Survey
Critical Mineral Assessments with Al Support

The U.S. Geological Survey (USGS) conducts critical mineral resource
assessments (CMRAs) to inform land use planners and public
stakeholders about domestic resource potential. In spring 2022, the
USGS entered a partnership with the Defense Advanced Research
Projects Agency (DARPA) to accelerate CMRAs and ultimately increase
availability of timely, data-driven resource estimates and maps. Following
an initial scoping effort that included a machine learning competition
aimed at extracting data from scanned geologic maps, DARPA, USGS,
and the Advanced Research Project Agency - Energy (ARPA-E) launched
the Critical Mineral Assessments with Al Support (CriticalMAAS)
program. CriticaMAAS spanned 18 months, from August 2023 to
February 2025, and included 4 technical areas: 1) data extraction from
maps; 2) mineral feature engineering from documents and datasets; 3)
mineral prospectivity mapping; and 4) human-in-the-loop learning. A
centralized data repository was constructed to facilitate integration of
datasets and tasks employed in assessment workflows. Overall, the
CriticaMAAS program has demonstrated tremendous progress toward
applying Al/ML tools in mineral resource assessments, but successful
deployment will require dedicated staff and funding for maintenance and
continued development, as well as training for geoscientists. Concurrent
with the CriticalMAAS effort are multiple CMRAs for the United States
targeting orogenic flake graphite, granite-related lithium-tin-tungsten (Li-
Sn-W), lacustrine evaporite Li, and magmatic nickel-platinum group
element (Ni-PGE) mineral systems. Areas assessed for high potential for
known and undiscovered graphite resources include the Appalachian
orogen in Alabama, the Grenville orogen in Texas and New York, and the
Arctic Alaska-Chukotka orogen, Alaska. The Appalachians are also
prospective for known and undiscovered lithium-bearing pegmatite
resources, particularly in North Carolina and Maine. The CriticalMAAS
tools will be utilized to map and assess potential for other Li-bearing and
magmatic Ni-PGE mineral systems in the western US and Alaska.
Together, these CMRA endeavors will help secure domestic supply of
critical mineral resources.
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SESSION 2: CRITICAL MINERALS WORKFORCE DEVELOPMENT
How to grow the US critical minerals workforce

14:30-14:45

Joe Biasi
University of Wyoming

A student-owned, student-operated, and student-led mineral
exploration company

As the global demand for mineral resources increases, the corresponding
demand for well-trained geologists also increases.

Here | discuss a unique set of courses that | offer at the University of
Wyoming that aims to prepare students for a career in the mineral
exploration industry. The courses are student-led and involve the
operation of a legally valid mining company that is both owned and
managed by the students themselves. They must operate within a real
budget and their decisions have real-world financial, legal, and
environmental consequences. A successful discovery results in staking of
a legally valid mining claim that is owned by the students via their
company. As the legal owners of this claim, they can potentially profit
from their decisions via the sale of claims to other companies, or by
directly mining the claim themselves. The end-result of the courses is an
industry-style technical report. Throughout this process, students gain
real-world experience with mapping, core logging, geophysical surveying,
soil sampling, assaying, and exploration decision-making.

14:45-15:00

Harriet Naakai Tetteh and Zohreh Kazemi Motlagh
Freeport McMoRan Inc, New Mexico Institute of Mining and Technology

Embracing the Morphology of 21st Century Miners in the Future of the
Critical Minerals Workforce

The minerals industry struggles to navigate negative perception. These
perceptions require bold commitments to deliver both human and
economic capital sustainability. By targeting human capital as the driver
of the future of the mining industry, it is imperative to attract and retain
the best talents to tackle the growing production demands, market
diversities, and value chain uncertainties.

This is achieved through subculture alignment that are distinct to each
institution but should primarily target, attract, and retain talents
irrespective of personal, familial, societal (location-based), or situational
roots from two standpoints —~workforce-ready and nurturing.

Workforce-ready personnel must benefit from hands-on and
standardized support interventions. These interventions must be
intentional by transitioning skills, encouraging leadership, and lead to
enhanced career actualization. Organizations may review structure,
cultures, and management styles that are versatile to attract skilled
(technical) and unskilled (non-technical) professionals. Nurturing
personnel requires conscious efforts initiated at an early stage towards
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education and policy, family and commitment, and climate sustainability
initiatives. As a generation driven by cause, challenging sustainability
initiatives will attract them to contribute to active solution engineering.

15:00-15:15

James Kubicki
The University of Texas at El Paso
Mining Engineering and Economic Geology at UTEP

The University of Texas at El Paso is re-starting the B.S. in Mining
Engineering degree and admitting the first cohort of students in Fall
2027. We have worked to create a program that will help meet industry
needs and train students for new mining methods. Our collaboration
between the departments of Metallurgical, Materials, and Biomedical
Engineering and Earth, Environmental & Resource Sciences has resulted
in support from the State of Texas and the mining industry. This talk will
introduce our plans for the future.

15:15-15:30

Clémentine Hamelin
William & Mary University

Engaging Undergraduate Students with Critical Mineral through ‘Role-
Play’ Activities

The need for Critical Minerals (CMs) is at its highest and will continue to
grow amidst the green energy transition. However, our ability to find,
secure, and extract CMs in economically viable and environmentally
conscious ways will be hindered by a deficit in students ready to enter the
workforce. Undergraduate students can be trained and prepared to enter
these career streams, and mineral resources and extraction industries
have excellent career prospects. Yet, students are more than ever ill-
equipped to understand how critical these resources are to harness
renewable energy sources in an economically sustainable way: economic
geology is seldom at the forefront of undergraduate curricula, and course
offerings in economic geology at US institutions has declined over the
past fifty years. Students also often have a polarized view of the mineral
extraction industry despite the complex and central role of these non-
renewable resources in the harvesting of renewable energy source for
large-scale deployment and economically viability.

As educators, we play a central role in exposing our students to these
topics and their complexities. Here, we present two different approaches
to teaching about CMs by actively engaging student in role-playing in two
different ways: (1) a ‘Critical Mineral Summit’ module in a
Mineralogy/Earth Materials Geology major course, where students take
on the role of ‘CM Experts’ sharing their knowledge with peers, and (2) as
a semester-long role-playing simulation project for an interdisciplinary
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course open to non-majors in which student teams present a plan to
develop a mine site, researching and considering the geological,
economic, environmental, and technical aspects of developing their mine.
We briefly present these activities and their outcomes in our own
classrooms. Providing a sense of the real-world implications and need for
CM extraction and exposing students to these complex issues early may
be a potentially powerful recruitment tool.

THURSDAY, AUGUST 14, 2024

SESSION 3: TOWARDS A CIRCULAR ECONOMY
Innovations in critical mineral extraction and recycling

10:00-10:15

Emma Zhang
George Mason University

Title Bio-Engineered Mining and Manufacturing: Toward Sustainable
Critical Material Extraction

Global attention is increasingly focused on critical materials due to their
essential roles in modern manufacturing technologies. However,
traditional mining methods often rely on high-temperature processing or
harsh chemical treatments—approaches that are energy-intensive,
costly, and environmentally harmful. Bioengineered mining and
manufacturing present a promising alternative by enabling critical
material extraction under ambient conditions, eliminating the need for
energy-intensive separations. In this talk, | will discuss a bioengineered
dissolution-precipitation approach for extracting silicon from waste
resources and manufacturing silicon-based products. Specifically, | will
highlight two key strategies: 1) developing organic molecules that
overcome silicate surface passivation to enable complete dissolution, 2)
using bioinspired enzyme catalysts for the remanufacturing of silicon-
based products. Additionally, | will emphasize the importance of
interdisciplinary collaboration to uncover the underlying mechanisms of
bioengineered mining and manufacturing processes. Such efforts are key
to advancing the circular economy and promoting sustainable industrial
practices.

10:15-10:30

Benton Wilcoxon
Critical Elements Extraction Technology
Novel Extraction of Critical Elements

NEXT-ChemX Corporation has developed technology for the extraction
of “low concentrations” of metal ions using a unique and proprietary
hollow fiber membrane system (iTDE technology) that mimics naturally
occurring dialysis systems in mammals. It relies on a difference in the pH
of the liquids on each side of the membrane and does not need high
pressure, electrolysis, or high temperature. We use a specific organic
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agent to attract the targeted ion that we wish to be attracted across the
special membrane in exchange for a proton. Therefore, the two liquids
never touch and mix with each other. Therefore, we believe that our
process is both more environmentally friendly since it is a continuous
closed loop system as well as being more economical. However, we do
need to study the feedstock material, whether it comes from a “brine” or
a “liquid leached from a solid material”. We have designed a system to
recover low concentrations of cesium and strontium from nuclear waste,
as well as lithium and magnesium/calcium/sulphates from brines. We are
primarily advanced materials specialists, and since the early 1990s
extracted scandium from various mines and mine tailings, since we
created and patented the first commercial Aluminum-Scandium alloys,
which we commercialized in both aerospace and high-tech sports
applications. We are familiar with extracting low concentrations of
uranium, thorium, and scandium from certain tailing ponds overseas. We
are processing and advanced materials experts, however we are seeking
excellent sources of “feedstock” for our technology systems in the USA.

10:30-10:45 Ben Ruchte
IXRF, Inc

Characterization and leaching feasibility studies of copper flue dust for
the recovery of main and trace metals

The characterization of copper smelter flue dust for metal recovery was
revisited using micro-scale X-ray fluorescence (microXRF) imaging as an
advanced alternative to SEM-based automated mineral analysis (TESCAN
TIMA). An IXRF ATLAS series microEDXRF spectrometer was utilized to
non-destructively map elemental distributions in dry-sieved (<104 pm)
flue dust particles embedded in polished epoxy mounts. MicroXRF
provides broader elemental coverage (Na through U) and significantly
lower detection limits (trace ppm levels) compared to SEM/EDS
techniques, enabling enhanced detection of minor and trace metal-
bearing phases. Although microXRF’s spatial resolution (~5 ym pixel) is
modestly lower than SEM-based mapping, it is sufficient for resolving the
fine particulate features in this application. Each pixel in the microXRF
map vields a full X-ray spectrum; principal component analysis (PCA),
morphology-based image processing, and fundamental parameter
algorithms are applied to identify phases (via spectral signatures and
intensity thresholds) and quantify their elemental compositions. The
result is detailed phase maps and comprehensive statistical data (phase
abundances, particle size distributions, and elemental associations) that
inform quality assurance and process development. This study
demonstrates that microXRF imaging can effectively replace or
complement traditional SEM/EDS mineral analyzers by providing more
extensive elemental insight for optimizing main and trace metal recovery
from industrial dusts.
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11:00-11:15

Bridget Scanlon
Bureau of Economic Geology, The University of Texas at Austin

Comparison of Rare Earth Element Potential from Coal versus Coal Ash
in the Gulf Coast

The heavy reliance of the United States on imports of critical minerals
(CMs), including rare earth elements (REESs), highlights the importance of
developing domestic sources. Our work focused on assessing
unconventional sources of CMs and REEs by estimating coal and coal ash
resources in the US and analyzing CM and REE levels in coal in the Gulf
Coast. Results show that ~52 gigatons (Gt) of coal were produced in the
US (1950-2021), mostly for electricity generation, generating 10% coal
ash by weight (5.3 Gt). About 70% of coal ash is potentially accessible for
REE extraction in landfills/ ponds. Median values of total REEs are much
higher in ashes from the Appalachian Basin (median 431 mg/kg) than in
the lllinois (282 mg/kg) or Powder River basins (264 mg/kg). Considering
the market value of rare earth oxides (REQOs), potentially accessible ash
volumes, and percent REE extraction (30% Appalachian and lllinois
Basins; 70% Powder River Basin) results in an estimated $8.4 billion value
for REOs in the US. Coal ash production from power generation in the
Gulf Coast totaled ~0.4 Gt (1985 - 2021) with 66% potentially accessible
for mineral extraction. Total REE+Yttrium (REY) (dry coal basis) are
generally low with localized hot spots, such as the Texas Gibbons Creek
mine (REY=<~2,860 ppm). There are tradeoffs between REE
concentrations (average ~3x higher in ash vs coal) and extractability
(<3xhigherin coal (~60 - 90%) vs ash (~30%)). The median price for
extracted REY + scandium (Sc) is ~ $10/tonne of coal assuming ~50%
extraction. Although estimated coal resources are high (83 Gt), there are
only five active coal mines. This reconnaissance study shows the
potential for REE production from coal and coal ash in the Gulf Coast;
however, carbon coproducts and/or societal benefits would likely be
required for socioeconomic viability.

11:15-11:30

Yihan Li
The University of Texas at Austin

Ash to Gel: A Hidden Barrier in Rare Earths Recovery from Legacy Coal
Wastes

Legacy coal ash presents a promising source of rare earth elements
(REESs) - critical to energy and national security - from domestically
abundant wastes. While existing approaches to simultaneously valorize
and remediate ash have been limited by poor extraction efficiency (~
15%) and costly reagent consumption, recent advances using mild
leaching have improved REEs recovery > 5x toward technoeconomic
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feasibility. Field deployment, however, is challenged by gelatinous phases
that precipitate under very acidic conditions (pH<0), especially in coal fly
ash samples with high Ca concentration and low crystallinity, that
inspissate the REE-laden leachate. In this work, we characterize the gel
phase formed during acid leaching of coal fly ash systematically and
investigate the physicochemical parameters governing gel formation
during acid leaching of coal fly ash to elucidate mechanistically the gel
formation process. Specifically, we examine the roles of ion
concentration, pH, acid/ash ratio, and ash crystallinity in initiating gel
growth. Through structural characterization and chemical speciation
analyses, we elucidate the mechanisms of bond disruption and phase
evolution that drive the transformation of dissolved species to form
colloidal gels, and provide mechanistic insights for the commercialization
of coal fly ash as a REEs resource.

11:30-11:45

Wencai Zhang

Virginia Tech

Integrated Critical Metal Recovery and CO2 Sequestration Using
Produced Water via a Novel Process

Produced water (PW), a byproduct of oil and gas extraction, contains
critical minerals (CMs) such as rare earth elements (REEs) and lithium,
along with high concentrations of alkaline earth metals including calcium,
magnesium, strontium, and barium. This study introduces a novel process
for the integrated treatment of PW, enabling the simultaneous recovery
of high-value CMs and permanent CO. sequestration. Using this process,
88.7% of REEs, 99.3% of Sr, 99.2% of Ba, and 95.3% of Li were
recovered, resulting in a REE-enriched solution, stable carbonate solids,
and high-purity Li.COs (99.5%). For carbon fixation, the process achieved
a CO; sequestration capacity of 29.81 kg CO. per ton of PW, capturing
92.6% of the total carbonation potential—primarily through the formation
of CaCOs; and MgCO:s. This work presents a promising pathway to unlock
the resource value of PW while addressing climate challenges,
highlighting its strong industrial potential for sustainable resource
recovery and environmental management.

11:45-12:00

Andrew Gordon
lofina Natural Resources

Exploration and Extraction of lodine from Produced Waters in the
Anadarko Basin

lodine is an essential mineral with growing industrial and medical demand,
yet domestic production remains limited. The Anadarko Basin presents a
potential alternative source, where produced waters from hydrocarbon
operations may contain economically viable iodine concentrations. This

30




North American Workshop on Critical Mineral Research, Development,

7 and Education
) S /" August13-14,2025 | Austin, Texas, USA

W

R

study investigates iodine distribution across key geological formations—
specifically the Mississippian, Meramec, Woodford, and Cherokee—
through an integrated approach that includes water sampling, spatial
mapping, subsurface reservoir characterization, and geochemical
analysis. Samples collected from multiple locations were analyzed to
assess iodine variability, with spatial mapping revealing reservoir
heterogeneity and core analysis highlighting the influence of depositional
conditions and preservation mechanisms on iodine enrichment.
Preliminary results show notable iodine concentrations in specific
formations, suggesting that geological factors strongly influence iodine
accumulation. A key focus of this study is the application of lofina’'s WET®
I0sorb® technology, which efficiently isolates iodine from produced water
using an air desorption method. Unlike traditional iodine producers, this
approach minimizes environmental impact by extracting iodine from
waste brines generated during oil production. The method shows promise
for scalable deployment across diverse brine chemistries and production
settings. Overall, the findings contribute to understanding the geological
controls and spatial trends governing iodine distribution in the Anadarko
Basin. By evaluating both the subsurface conditions and extraction
technologies, this research provides a foundation for sustainable iodine
resource development and supports strategies to expand domestic
iodine production.

SESSION 4: POLICY AND SUPPLY CHAIN ECONOMICS
Reshoring critical mineral production

14:30-14:45 Karin Olson Hoal
Cornell University and CSIRO
Science-stakeholder business practices for the new minerals sector

Critical and strategic elements and minerals for the future of humanity
will not be as readily accessible as past commodities have been, being
limited by mineralogical, geological and metallogenic distribution. These
factors are not always included in critical minerals policy and investment
initiatives but they are the underlying drivers. A change of priorities is
required in which science, new technologies and new business practices
are required, away from the traditional mining industry approach of the
past to one driven by curiosity, discovery, and experimentation by
stakeholders seeking real and sustainable change and a net-positive
minerals sector. Transdisciplinary approaches break down the
components of traditional methods to focus on the elements of the
endgame, which is to best provide materials from the ground to circulate
into and benefit society without destroying it. Real transformative change
in the minerals sector is therefore likely to come from seeing new
relationships and connectivity by people outside of it, stakeholders of all
stripes with different new perspectives. With that in mind, some specific
changes to today’s traditional business practices could be captured, from
stakeholder decision making to full characterization and long-term
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predictive impacts. Adoption may shorten project timelines, reduce
inefficiencies and waste, reduce downside risk, and help to narrow the
uncertainty of assumptions. It begins with technical knowledge of the
materials and processes and having new ideas at the table.

14:45-15:00

Holiday O’Bryan
The University of Texas at Austin

Relevant or Redundant: Evaluating the Disbandment of the U.S. Bureau
of Mines

Critical minerals have increasingly become central to discourse
concerning national security in the United States, reflecting concerns
over economic resilience, energy and resource dependence, and military
preparedness. While contemporary debates often focus on historic and
current international tensions, the roots of America’s current mineral
vulnerability can be traced to a number of bureaucratic decisions. | argue
that the 1996 disbandment of the U.S. Bureau of Mines marked a key
moment in the decline of a cohesive federal mining policy, contributing to
the nation's lack of awareness concerning mineral criticality, both
scientifically and politically. | examine the Bureau, its history, its mandate,
and its dissolution amid political and economic pressures remarkably
similar to the ones we face today. | contend that the absence of a federal
institution dedicated to mining research and policy weakened domestic
mineral capacity. | further consider whether the reestablishment of a
central federal body concerned with critical minerals is necessary or
warranted in today’s geopolitical environment. | aim to understand

and contextualize the Bureau’s legacy within broader questions of
strategy and resilience in the critical minerals sector.

15:00-15:15

Monika Ehrman
SMU Dedman School of Law

Acknowledging Tribal Nation Sovereignty over Critical Minerals in
Indian Country

As demand for critical minerals intensifies to meet national priorities and
global energy transition goals, Tribal lands are increasingly viewed as
potential sources of supply. One U.S. analysis found that more than 75%
of lithium, copper, and nickel reserves and resources lie within 35 miles of
Native American reservations. Yet, current policy frameworks too often
overlook the foundational legal principle of Tribal Nation sovereignty—the
inherent authority of Tribal Nations to govern their people, lands, and
resources, recognized through treaties, federal statutes, and long-
standing precedent. This presentation explores the intersection of U.S.
mineral development policy and Tribal self-determination, arguing that a
meaningful acknowledgment of Tribal sovereignty is both a legal
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obligation and a practical necessity. Federal and state approaches to
critical mineral development frequently bypass or inadequately engage
Tribal governments, resulting in procedural injustices, fractured trust, and
missed opportunities for collaborative resource stewardship. At stake is
not only the success of U.S. critical mineral strategy, but the broader
legitimacy of energy transition efforts on Indigenous lands. Drawing on
legal doctrine, policy analysis, and real-world examples, this presentation
discusses how sovereignty-respecting frameworks can derisk projects,
promote self-determination, and support resilience in mineral supply
chains.

15:15-15:30

Homay Fath
Nevada Bureau of Mines and Geology

Immediate Measures to Increase American Mineral Production:
Establishing Tellurium Supply Chain Resilience for Strategic
Decarbonization

The shift to net-zero energy systems has driven a surge in demand for
critical metals, many of which, such as tellurium, are primarily recovered
as byproducts of base and precious metal mining operations. This
presentation highlights significant untapped resources within existing
mining operations, primarily due to traditional processing techniques and
a lack of compelling economic motivators. Geopolitical tensions, including
trade disputes and regional instabilities, have further exposed
vulnerabilities in supply chains, underscoring the risks associated with
dependence on imported refined materials. Notably, metals vital for
energy technologies are often discarded as waste, despite their presence
in economically viable quantities within base and precious metal ores. By
assessing operational data from North American mining sites and
integrating economic evaluations with geopolitical risk analyses, our
research highlights the imperative for a comprehensive resource
management approach. We introduce an innovative framework aimed at
enhancing ore characterization, refining mineral processing methods, and
implementing strategic policy measures to encourage the recovery of
byproduct metals. This strategy seeks to strengthen domestic supply
chains and diminish reliance on foreign processing facilities, thereby
mitigating potential external economic disruptions. Aligning sustainable
mining practices with energy and economic security goals, our study
presents a strategic pathway toward developing more resilient and
transparent global supply chains. This approach ultimately aims to
maximize the economic value of mineral resources while addressing
critical environmental and geopolitical challenges.

33




e

# _ North American Workshop on Critical Mineral Research, Development,

7 and Education

August 13-14, 2025 | Austin, Texas, USA

15:30-15:45

Jim Kennedy
Caldera Holding LLC

Casualties at the intersection of Policy, Expectation, Perception &
Reality

Exploring the disconnect between policy expectation and reality. What is
the common theme across the last 15 years of policy failure. How to fix it.
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Poster Presentations

SESSION 1: CONVENTIONAL AND UNCONVENTIONAL SOURCES OF CRITICAL
MINERALS

Wednesday, August 13

TCC 3.102|12:00 - 13:00

TCC 3.102|17:00 - 18:30

Brent A. Elliott
Bureau of Economic Geology, The University of Texas at Austin
Critical Mineral Potential in Heavy Minerals from Industrial Sand Mines, Central Texas

In Texas, heavy mineral sands are primarily sourced from metamorphic and igneous
rocks, contributing to the state’s heavy mineral placer deposits. The repeated cycle of
source rock erosion, transport, and deposition have been ongoing for over 1 billion years,
before eventual deposition along the flanks of the Llano Uplift in central Texas sandstone
formations and along the Texas Gulf Coastal Plain sediments in the form of Cenozoic
beach placer sands along regressing shorelines to their current location. These heavy
mineral sands are often enriched in Ti, REE, Y, Th, and uranium (U). The highest
concentrations of zircon, monazite, magnetite, rutile, iimenite, and other heavy minerals in
beach sand samples typically coincide with the highest REE, Ti, and V concentrations. The
elevated REEs and Zr with minor U are indicative of zircon as, at least, a partial source for
REEs in the heavy mineral concentrate samples. Ti and V are predominantly sourced from
Fe and Ti oxides, such as leucoxene, rutile, magnetite, and ilmenite.

Limited sampling of heavy mineral separates was conducted from hydraulic fracturing
sand mine operations around the flanks of the Llano Uplift in central Texas, mainly from
the Hickory sandstone. These samples had undergone physical processing to
concentrate the heavy minerals at the site. Heavy minerals composed ~ 2% of the mined
material and consisted mainly of magnetite, ilmenite, zircon, monazite, and titanite. 100
mesh screened sand resulted in low levels of REEs (Median REY 82 ppm). Density
separated samples had very high concentrations of REEs, exceeding the analytical
process (> 1000 ppm for many REEs, including Pr and Nd and Dy. These preliminary
results suggest that physical processing could quickly concentrate the REEs within the
heavy mineral sands to ~4% total REE+Y.

Shelby R. Short

Bureau of Economic Geology, The University of Texas at Austin

Historic Resources and Critical Mineral Opportunities in The Central Texas Graphite
District

The Central Texas Graphite District, situated within the Llano Uplift, represents a
significant but underexplored terrane with potential for critical mineral development. The

uplift exposes the largest area of Mesoproterozoic basement in the southern U.S and is
composed of deformed and metamorphosed sedimentary and igneous rocks formed
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during the Grenville orogeny (1.2-1.1 Ga). Graphite is primarily associated with the
Packsaddle Schist, a metapelitic to semi-pelitic unit that experienced upper amphibolite-
facies metamorphism during Grenville deformation (1.1 Ga). These rocks originated as
carbonaceous sediments that were thermally overprinted during intrusion of the ca. 1.08
Ga Town Mountain Granite, driving flake graphite formation. Disseminated graphite
occurs within quartz-feldspar-muscovite * biotite schists, with mineralization
concentrated along schistosity-parallel zones traceable for several kilometers. The
historic Southwestern Graphite Mine exploited high-grade lenses containing up to 12%
graphitic carbon (GC). Early production records are limited, but total graphite production
is estimated to be 75Kt. Remaining tailings are estimated at over 2 million metric tons and
an average of 3.5% GC. Flake size is predominantly >50 mesh, suggesting favorable
material for secondary recovery. Coarser flakes (+30 mesh) are rare and typically
restricted to pegmatitic dikes, quartz stringers, and augen-bearing structures. SEM-BSE
analyses reveal graphite occurs as both fine-grained, foliation-aligned flakes and coarser,
interstitial segregations. Tailings mineralogy includes 20-35% quartz, 5-8% K-feldspar,
14-36% plagioclase, 2-18% graphitic clay, and 2-12% biotite, with accessory phases such
as rutile, monazite, xenotime, zircon, iimenite, and apatite—indicating additional potential
for secondary recovery of Ti, REEs, and Zr. Ongoing characterization of legacy materials
points to the near-term viability of these resources for domestic graphite production.

Catherine Gagnon

Department of Earth, Environmental, and Planetary Sciences, Brown University,
Providence, Rhode Island, USA

Geochemical and isotopic constraints on lithium enrichment in sedimentary claystone
deposits: a summary of ore deposit models from Clayton Valley, CA; Barstow, CA; and
the McDermitt Caldera, NV-OR

Lithium (Li)-bearing claystones are increasingly important as strategic resources for clean
energy technologies. As global demand for critical minerals grows, understanding the
geologic processes that concentrate Liin sedimentary basins is essential for resource
development and exploration. This study investigates the mineralogical, geochemical,
and isotopic characteristics of Li-bearing claystones from key basins in the western
United States to evaluate the dominant mechanisms driving Li enrichment. We analyzed
bulk mineralogy and chemistry of mudstones from Clayton Valley (CA), Barstow (CA), and
the McDermitt Caldera (NV-OR) using X-ray diffraction (XRD), inductively coupled plasma
optical emission spectrometry (ICP-OES), and scanning electron microscopy. Stable
isotope analyses of clay separates (580, 6D) and co-occurring carbonates (6'3C, §'20,
A47) from Barstow and Clayton Valley were used to reconstruct depositional
temperatures and hydrologic conditions during Li-clay formation. Lithium concentrations
range from tens to several thousand ppm, with the highest values linked to smectite-
dominated (Barstow, northern McDermitt, Clayton Valley) and illite-dominated
assemblages (southern McDermitt, Thacker Pass). Isotope trends from Barstow and
Clayton Valley suggest Li-smectite authigenesis occurred in evaporative, alkaline lake
waters. Clumped isotope data from Barstow indicate low-temperature formation (~15-50
°C), consistent with near-surface processes. These findings support a model in which Li
was sourced from volcanic ash and weathered detritus, then evaporatively concentrated
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with minimal hydrothermal input. In contrast, the Thacker Pass deposit in southern
McDermitt appears to reflect hydrothermal alteration of pre-existing smectite toillite as a
key enrichment mechanism. We speculate the role of hydrothermal fluids vs evaporative
closed-basin lake processes in the shaping of the northern McDermitt deposit, which
shares some geochemical resemblance to evaporatively enriched basins. By comparing
ongoing work, we highlight the differing roles of evaporative versus hydrothermal
processes in Li enrichment, offering insight into the diversity of claystone Li deposit
types in caldera type deposits and extensional/fault bounded deposits.

Levi D. Moxness
North Dakota Geological Survey

Exploratory drilling of lignites exhibiting rare earth element enrichment in the
Williston Basin of North Dakota

Lignite can host significant concentrations of rare earth elements (REE) and other critical
minerals in settings where it is subjected to long-term flows of weakly-enriched meteoric
waters. Favorable relative abundances of high-value elements (Dy, Tb, Gd, Sc, Ga, and Ge)
and low-cost mining and extraction techniques are characteristics of a promising mineral
ore if feedstocks of sufficient grade and thickness can be identified. Lignite and
carbonaceous shale occur throughout a Late Cretaceous to Eocene stratigraphic interval
which approaches 800 meters thick in the Williston Basin of western North Dakota.
Recent efforts to characterize critical mineral concentrations through this interval
identified two horizons with widespread REE enrichment. Both horizons underly
prominent kaolinitic claystones formed by periods of intense Paleocene and Eocene
weathering which transported REE and other mobile elements into the immediately
underlying strata. Broadly analogous modern weathering profiles in South China are
commercially utilized to provide most of the global supply of heavy REE. In the Williston
Basin, lignites intermittently occur at the base of these two weathering profiles, where
thin seams can enrich up to 4,443 ppm total REE (including Y and Sc) on a dry coal basis
and 1.57% REO on an ash basis, but exploration has largely been limited to outcrop-based
sampling of lignites with sub-economic thicknesses (<0.5 m). A recently completed 53-
hole exploratory drilling program illustrates that these horizons can be reliably traced in
the subsurface and that much thicker enriched lignites are present. A 1.48-meter-thick
interval of lignite and carbonaceous shale intercepted near active lignite mining in Mercer
County contained an average of 716 ppm REE (dry coal basis), including an upper 0.57
meters at 0.85% REO (ash basis). This and several other newly described cores are the
first from the basin in which REE enrichment exceeds one meter, approaching seam
thicknesses utilized in conventional lignite mining.
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Ammar Hussain
University of Houston

Hyperspectral imaging for rare earth elements in regional coal ash samples from
Navajo Mine, New Mexico

Critical minerals, including rare earth elements (REESs), are essential in transitioning to
clean energy technologies. Recent research has expanded on identifying REE deposits in
other materials like salt lakes and coal deposits worldwide. Coal and its combustion by-
products, particularly fly ash, have gained attention due to their capacity to retain and
concentrate REEs during the burning process. In these materials, REEs are typically
dispersed within aluminosilicates and clay minerals. This study focuses on developing and
evaluating hyperspectral imaging for detecting lower concentrations of REEs, such as
Nd20s, in fly ash. Six regional and three power plant coal ash samples were studied under
hyperspectral cameras. XRD was used to identify the main minerals present in the
samples. For geochemical composition, portable X-ray fluorescence (pXRF) was
employed to quantify major and trace elements, including Fe:0s, SiO., and AlLOs. We
mixed Nd.,O3 samples with fly ash samples at different concentrations, ranging from 50%
Nd20Os to 1.5% Nd,Os. The Neodymium index, a mathematical expression to record the
concentration of Nd.Os based on absorption features at specific wavelengths, was used
to successfully detect the Nd»0Os concentrations in fly ash samples of varying chemical
compositions containing as low as 1.5% of Nd»Os. We observed that Fe,03 concentration
negatively affects the absorption features of neodymium in the spectral profiles of the
samples containing Nd>O3 powder. This occurs due to the high reflectance in the VNIR
region caused by iron oxide. Neodymium Index using 749nm and 803nm absorption
features is a very efficient method to quantify and map the neodymium concentration in
the samples at different locations for as low as 1.5% neodymium.

Ludmila M. Fonseca Teixeira
Smithsonian National Museum of Natural History
Excess Water Precludes the Enrichment of Critical Elements in Pegmatites

As the need for critical raw materials continues to rise, so does the importance of
improving our understanding of the geological factors that control their occurrence.
While pegmatites are well known for hosting rare metals and gemstones, most
pegmatites are unmineralized. Yet, it remains unclear what controls the fertility of their
granitic sources. This study investigates the conditions that favor critical elements
enrichment in granitic-pegmatitic systems, offering a fresh interpretation that contrasts
with long-standing paradigms in magmatic petrology. Analysis of global volcanic rock
compositions indicates that pre-existing enrichment in granitic melts alone cannot fully
explain the development of mineralizations in pegmatites. Here, we provide a
combination of thermodynamic modeling and new mineral chemistry data (quartz, zircon,
apatite, and k-feldspar) from the I-type Bergell intrusion in Switzerland. We demonstrate
that highly hydrous melts (H.O > 8 wt%) facilitate early fluid segregation at lower degrees
of crystallization. This process curtails further fractionation and leads to the formation of
barren pegmatites. While water remains a key agent for generating granites and
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pegmatites, excess water can preclude the formation of mineralization in pegmatites. In
addition, excess water contributes to low crystallization temperatures, at and below the
traditional water-saturated haplogranite solidus. These findings support a growing view
that some I-type melts are cold, wet, and thus form unmineralized pegmatites.

Raul Valencia
The University of Texas at El Paso
Exploring for Critical Minerals in the Organ Mountains of Dona Ana New Mexico

Critical minerals (CM) such as copper, tellurium, and rare earth elements are essential to
the U.S. economy, national security, and technological progress, particularly in
manufacturing products like smartphones, electric vehicles, solar panels, and military
equipment. The Organ NM Mining District, active from 1847 to the 1930s, contains
valuable mineral deposits in the Organ Mountains, New Mexico. This region, believed to
be part of the southwestern U.S. porphyry belt, has mineralization, suggesting the region
to be of the Laramide Orogeny magmatism. Historical mining activities produced
significant amounts of lead, copper, and zinc, totaling $3.4 million worth of ore from two
production periods, 1900-1909 and 1935. In the 1980s, Conoco Inc. drilled 17 boreholes
for a porphyry copper deposit, providing chemical data for various metals, including
copper, lead, zinc, silver, and gold. This study re-examines the district by sampling tailings,
tunnels, and dump materials to identify critical minerals that are overlooked, specifically
tellurium and bismuth. Geochemical analyses performed on the collected samples reveal
a distinct tellurium trend, highlighting an unrecognized potential for tellurium within the
district. In combination with historical data, modern data findings suggest that the district
may represent a younger porphyry molybdenum system. This system could have been
influenced by a rollback slab during the Laramide Orogeny, with tectonic activity
transitioning to the Rio Grande Rift in subsequent periods. These findings underscore the
district's untapped potential and the need for further exploration using advanced
extraction technologies. Targeting overlooked critical minerals, such as tellurium, could
significantly enhance the region's economic value and contribute to meeting the growing
demand for these essential materials in various industries.

Anis Parsapoor
Independent Researcher & Consultant

Critical Minerals in Carbonatites: Magmatic and Wall Rock Interaction in the
Kaiserstuhl Complex (Southwest Germany)

The mineralogy and geochemistry of sdvite bodies (Badberg, Degenmatt, Haselschacher
Buck, Orberg) and associated xenoliths in the Kaiserstuhl Volcanic Complex, Germany,
provide insights into contamination processes in carbonatitic magmas. Xenocrysts like
garnet and clinopyroxene in extrusive carbonatites suggest silicate rock assimilation,
while the crystallization of forsterite, monticellite, and mica in sdvites indicates a
magmatic origin. Notably, Badberg apatite is enriched in REE, Si, and Sr compared to
other sdvites, and its biotite is more Fe?*-rich. Metasomatic interaction between Badberg
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soOvites and calcite foidolites released K, Fe, Ti, Al, and Si, triggering the crystallization of
distinct mica and clinopyroxene, and influencing REE enrichment in apatite through a
coupled substitution involving Si. This demonstrates the role of contamination in REE
mineralization in carbonatites. Pyrochlore compositions further elucidate magma
evolution. Oscillatory-zoned F-rich pyrochlore (up to 69 wt% Nb.Os) occurs in all calcite-
carbonatite bodies, likely forming under magmatic conditions. However, at Badberg,
some pyrochlore grains contain U- and Ta-enriched cores (22 wt% UO., 9 wt% Ta0s),
suggesting inheritance from nosean syenites. Down-core data reveal increasing REE, U,
and Ta, with decreasing Nb, F, and Na, indicating fractional crystallization, assimilation, or
multi-stage magma emplacement. At Orberg, patchy-zoned ceriopyrochlore, enriched in
REE and Th (up to 19 wt% REE-0O;, 6.5 wt% ThO.), formed under hydrothermal conditions,
consistent with evolved Nb/Ta and Zr/Hf whole-rock ratios. These findings highlight the
impact of contamination and metasomatism on REE mineralization in carbonatites.
Pyrochlore’s textural and compositional variations serve as valuable indicators for
distinguishing magmatic, hydrothermal, and weathering processes in carbonatitic
systems.

Aaron Atkins
The University of Texas at El Paso
n-XRF Atlas of Epithermal and Porphyry Deposit Textures

Porphyry copper deposits are large hydrothermal ore systems associated with an
intrusive igneous body and the porphyry copper and epithermal mineralization/alteration
systems that lie above it. The magma body is usually andesitic to dacitic in composition
and is rich in fluids and volatiles that fracture the host rock and precipitate mineralization
as it rises to the surface. The chemical composition of these fluids influences the
alteration, textures, and mineralogy we can observe along structural controls like
fractures, from which we can identify three types of epithermal deposits in addition to
porphyry: High Sulfidation (HS), Intermediate Sulfidation (IS), and Low Sulfidation (LS).
This classification correlates with variations in sulfur content, sulfur oxidation state, and
sulfidation state within the ore mineralization site. The main objective of this projectis to
characterize the mineralogy and textures of High, Intermediate, and Low Sulfidation
Epithermal and Porphyry Deposits, using micro energy-dispersive X-ray fluorescence (u-
XRF) technology. Samples have been collected from several well-known and
representative deposits around the world and scanned using a Bruker M4 Tornado to
create high resolution maps of the distribution of elements contained in each and color
coded for interpretation. We found there are many characteristics chemical and
distributive similarities among deposits occurring around the world. To illustrate this
point, the samples studied have been superimposed on to existing models of porphyry
and epithermal systems proposed by previous researchers (e.g., Sillitoe, 2010;
Hedenquist and Arribas. 2022).
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Karla Ortega
Central Washington University

Zircon Age and Oxidation State Estimates for Plutons Spatially Associated with
Mineral Deposits Along the Kettle Detachment Fault in The Orient Quadrangle,
Northeastern Washington

Critical minerals are essential to national security, economic stability, and clean energy,
making them a priority in geologic exploration. To better understand the magmatic
conditions associated with critical mineral concentration, zircon was analyzed using U-Pb
geochronology and trace element geochemistry. The analyses were conducted via LASS-
ICP-MS on ten plutonic samples from the Orient quadrangle in northeastern Washington
and one sample from the Adams Mountain and Hunter quadrangles to constrain the
geological processes leading to ore deposit formation, including tungsten. This region,
cut by the Kettle Detachment fault, is known for its mineral occurrences and inactive
mines, making it an ideal area for studying ore-forming processes and resource
benefaction. Samples collected from the hanging wall of the Kettle Detachment fault
include the Barstow granodiorite, a mafic intrusive near Kettle Falls, the Orient granite, an
intermediate intrusive near Fifteen Mile Creek Pluton, a granite porphyry from the Fifteen
Mile Creek Pluton, a Deep Creek biotite quartz monzonite, and a quartz monzonite near
the Germania Mine in the AMH quadrangles. The footwall samples include a pegmatite
intruding through pre-Tertiary paragneiss and marble, an equigranular orthogneiss, and
Kerry Creek quartz monzonite. The samples hanging wall samples yielded AFMQ values
between +0.0 and +2.5, while the footwall yielded lower values between -2.0 and +0.0.
OR17, an Eocene pluton yielded a higher AFMQ value compared to the Cretaceous
plutons associated with tungsten deposits in the AMH quadrangles, which exhibit lower
AFMQ values, suggesting that different magmatic processes may have led to the
deposits in the two regions. OR17 exhibits higher degrees of fractionation than the other
samples, which is favorable for the concentration of elements such as tungsten. The
Orient quadrangle experienced major Eocene magmatism within only 0.6 £ 0 2 Main the
Eocene, coincident with major regional extension associated with the accretion of
Siletzia.

James Andrew Leong
Miami University

Supergene formation of sulfur-rich, tochilinite-bearing serpentinites in the Oman
ophiolite

Fluid-rock interactions enable mobilization of critical elements. The fate and distribution
of these elements are influenced by redox conditions. Interactions between fluid and
ultramafic rocks, which are a source for critical elements like nickel (Ni) and cobalt (Co),
produce subsurface environments encompassing a wide range of redox conditions. A
notable example where an extensive range of redox conditions is observed in one
location is Hole BA1B, a ~400 m borehole drilled by the Oman Drilling Project. A sulfur-
enriched serpentinite zone, containing up to 0.6 wt% sulfur (S), occurs between shallow
oxidized serpentinites (<30 m) and deep partially serpentinized harzburgite (>150 m). All
three zones are predominantly composed of serpentine. However, microanalysis of
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samples from the sulfur-enriched zone shows that mesh textures after olivine are
composed of serpentine, brucite, and tochilinite mixtures, yielding optically black thin-
section samples that characterize this sulfidic zone. Sulfur accumulates in this zone via a
process like those found in supergene ore deposits. Using reaction-path models, this
work shows that at shallow conditions open to atmospheric input, sulfur is mobilized via
oxidative weathering of serpentinized ultramafic rocks that produced sulfate-bearing
fluids. These fluids percolate deeper and react with rocks in a system closed to
atmospheric input. As fluids become more reduced, dissolved sulfate is precipitated as
sulfide minerals yielding rocks with ~0.4 wt% S, like those observed in Hole BA1B. Despite
enrichment of S in the sulfidic zone, Ni and Co contents are uniform throughout all three
layers in the borehole. This is consistent with model results which show that Ni (and, by
analogy, Co) is less mobile than S, and can be hosted in serpentine and NiFe alloys in
addition to sulfides. Overall, this work show that variable redox conditions attained during
ultramafic alteration yield distinct mineralization that control mobilization and enrichment
of critical elements.

SESSION 2: CRITICAL MINERALS WORKFORCE DEVELOPMENT
How to grow the US critical minerals workforce

Wednesday, August 13
TCC 3.102/12:00 -13:00
TCC 3.102|17:00 -18:30

Katherine McCarville
Minot State University

Supporting Critical Minerals Workforce Development in Undergraduate Courses in
Mineralogy and Igneous and Metamorphic Petrology

Upper-division coursework in undergraduate geology degree programs provides
excellent opportunities to expose students to the importance of critical minerals to the
world today, thus increasing the likelihood that they may pursue employment in that area.
By focusing on suites of rocks from specific localities, students can place their
observations and details within the broader patterns of mineral occurrence distribution.
Using this virtual “place based” approach, rote memorization becomes less important as
students spend more time practicing transferable skills in mineral identification and rock
description in context, meaningful review of previous work and hypotheses of formation
in the literature, and ultimately extrapolating to an exploration activity. As an example, a
recent class in igneous and metamorphic petrology had access to a donated diamond
drill core from a classic layered intrusion ore deposit, which is actively mined. Curated
selections of peer-reviewed articles, review articles, and guidebook literature were
provided throughout the module. Each student logged the core, chose one or more
samples from which to cut thin sections, and described both hand specimen(s) and thin
section(s) from their chosen sample(s). We viewed a recent webinar (sponsored by a
professional organization) on how layers form in layered intrusions, encountering not only
ideas related to the geology but also the idea of professional societies and lifelong
learning. We also met via teleconferencing with a development geologist working at the
mine, learning about the mining process and various technologies that are used. Inthe
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culminating activity for the module, students were assigned a continent, asked to identify
potential exploration targets, and explain the evidence to support their claims. Inevitably,
economic considerations and geopolitical implications arise, and add to the richness of
the learning experience.

Melissa Ortega
The University of Texas at El Paso
Breaking the Rock Wall: Reforming Field-Based Geoscience Education

As demand increases for a highly skilled geoscience workforce, particularly in the area of
U.S. critical mineral exploration, undergraduate field training remains a major barrier for
many students. Traditional field camps are time- and resource-intensive, often excluding
student parents and other nontraditional learners who cannot leave home for extended
periods. This creates a bottleneck that limits entry into the critical minerals workforce.
This study reviews U.S. field camp curricula and proposes alternative, flexible models that
preserve academic rigor while expanding participation. The research explores modular
weekend field formats and family-integrated experiences as viable pathways to field
competency. These models are particularly relevant for institutions where students often
face logistical and financial challenges. By broadening access to required field
experiences, this work aims to strengthen the future talent pipeline in mineral exploration
and support national priorities around critical mineral development, innovation, and
workforce resilience. The presentation will outline programmatic gaps, propose
curriculum redesigns, and examine how new training models can help meet evolving
industry needs.

THURSDAY, AUGUST 14, 2024

SESSION 3: TOWARDS A CIRCULAR ECONOMY
Innovations in critical mineral extraction and recycling

Thursday, August 14
TCC 3.102]12:00 - 13:00

Aaron Ball
Keystone Geoscience LLC

Exploration for Rare-Earth Elements in the Altamaha Grit using Laser-Induced
Breakdown Spectroscopy

Georgia’s mining industry exploits kaolin deposits that extend southwest to northeast
along the ‘fall line’ that separates the Piedmont from the Atlantic coastal plains. Course
sand fractions of the kaolin deposits contain heavy minerals like rutile, monzonite, and
xenotime, which were discarded after washing the clays early in processing. USGS noted
in a 1965 publication no data was available on the inferior grade kaolin deposits with
these sands. Initially overlooked as gangue, these low grade deposits are now being
reassessed for the concentrated critical minerals they contain. The recovery of these
from tailings piles and mine waste presents a potential domestic source for rare-earth
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elements (4). This study looks at lithofacies of Altamaha Formation samples taken from
two properties in the state and measures the concentrations of rare-earth elements
using Laser-Induced Breakdown Spectroscopy.

Fangshuai Wu
University of Alberta

Durability assessment of LMO-PVDF composite materials for long-cycle lithium
extraction from flowback and produced water

The global demand for lithium (Li) has escalated rapidly, driven by the electrification of
transportation and the growing renewable energy sector. Flowback and produced water
(FPW), a byproduct of oil and gas production, often contains tens to hundreds of parts-
per-million (ppm) Li, making it a promising secondary Li resource. Direct lithium extraction
(DLE) from FPW offers an alternative to conventional mining approaches by enabling
rapid Li recovery with a lower environmental footprint. Among promising DLE materials,
lithium manganese oxide (LMO; Li1.6Mn1.604), shows promise but suffers from structural
degradation during cycling. This instability arises from Mn loss during delithiation, caused
by both the disproportionation of Mn3+ (to Mn2+ and Mn4+) and Mn4+ reduction caused
by organics in FPW. Additionally, the nanoparticle powder form of LMO prevents its direct
use in extraction columns. To address these challenges, we developed composite
materials by incorporating LMO into polyvinylidene fluoride (PVDF), a polymer chosen for
its chemical resistance, mechanical stability, and ability to form porous structures that
facilitate Li transport while minimizing Mn leaching. These composites were tested for Li
recovery from FPW produced in the Western Canada Sedimentary Basin. Scanning
electron microscopy (SEM) showed that the PVDF substrate has a highly porous and
fibrous structure with interconnected macropores and layered, sheet-like walls. Benchtop
experiments demonstrated that embedding LMO in PVDF reduces the Mn loss from 4.2%
to below 0.65% per cycle while maintaining equivalent Li uptake compared to powdered
LMO. Through 100 consecutive extraction cycles, we observed a 60% retention of Li
uptake capacity and a cumulative Mn loss of 27.8 wt%. Using linear regression modeling,
we project that the LMO-PVDF composite can sustain over 250 cycles while maintaining
useful Li recovery function. This study demonstrates the potential of LMO-PVDF
composites as a durable, scalable and efficient solution for sustainable Li extraction from
FPW.

Karthik Ramachandran Shivakumar
University of Alberta

Direct lithium extraction from formation waters using modified lithium manganese
oxide adsorbents

Emerging Direct Lithium Extraction (DLE) technologies have the potential to expand the
Lithium (Li) resource base, as low Li grade oil-field brines are among the most promising
Li-bearing water (LBW) sources. lon-exchange type DLE (i-DLE) materials have proven to
be the most effective in extracting Li with far lower freshwater and energy use than
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conventional mining. In addition, the rapid adsorption rates and high Li uptake capacities
of i-DLE adsorbents render them exponentially scalable. However, DLE projects in the
U.S. and Canada are currently hindered by the degradation of i-DLE adsorbents caused by
detrimental compounds found in LBWs. For example, oilfield brines, can contain dissolved
organic compounds and H2S, which are strong reducing agents that can lead to sorbent
fouling and degradation. Manganese adsorbents are among the most studied and tested;
however, further research into the process economics in terms of the
recyclability/longevity of the adsorbent is needed. In this study, we tested a lithium
manganese oxide (LMO) sorbent coated with 7.5 nm of zirconium dioxide to inhibit
contact between the reducing agents in the brine and the sorbent surface. Results
showed that in LBW containing organic compounds and traces of H2S, Li uptake reached
24 mg-g-1in1h. Mounting LMO into a polyvinylidene fluoride (PVDF) binder preserved the
surface area of the nanoparticulate LMO, achieving a Li uptake of 20 mg-g-1in 6 h.
Importantly, the Mn loss per cycle, which was as high as 4.5% in the unmodified LMO,
decreased by approximately 50% using the 7.5 nm zirconium coating, and by 90% using
the PVDF binder. X-ray absorption spectroscopy confirmed that there were no
measurable structural changes in the LMO after 16 cycles, supporting theoretical sorbent
recyclability of 200 cycles. The small footprint and rapid extraction kinetics make i-DLE
technologies suitable for commercial Li production from LBWs.

Abdulmaliq Alawode
The University of Alabama

Integrated Recovery of Critical Minerals and Supplementary Cementitious Materials
from Legacy Coal Ash Ponds

Alabama hosts numerous legacy coal ash disposal sites linked to coal-fired power plants,
comprising 16 regulated ponds and landfills across eight locations. Collectively, these
sites hold over 118 million cubic yards of coal ash, which have been linked to widespread
groundwater contamination. However, this ponded coal ash also represents a significant
untapped resource, rich in iron, aluminum, and rare earth elements (REEs) with estimated
in-place values exceeding $100 billion in aluminum, $50 billion in iron, and $20 billion in
REEs. This study proposes an environmentally sustainable and economically viable
process to recover multiple value-added products from ponded coal ash. The process
begins with single-component acid digestion, designed to leach iron and aluminum from
the ash. Following leaching, continuous ion exchange (CIX) is employed to separate iron
from aluminum efficiently. The remaining solid residue, enriched in amorphous silicates, is
repurposed as a highly reactive supplementary cementitious material (SCM) for use in
concrete. Compared to untreated coal ash, this post-extraction residue exhibits
substantially enhanced pozzolanic reactivity due to its increased surface area and
modified mineralogy, making it a valuable cement replacement. This integrated approach
offers substantial socioeconomic and environmental benefits: It enables domestic
recovery of critical minerals, supporting supply chains in infrastructure, defense, and
renewable energy sectors. It produces sustainable SCMs, addressing shortages in the
construction industry. It transforms environmental liabilities into economic assets,
reducing the long-term footprint of coal ash impoundments.

45




5;;%{ North American Workshop on Critical Mineral Research, Development,
<NSF: and Education

) S /" August13-14,2025 | Austin, Texas, USA

Lawrence Ajayi
Northeastern University
Structural Modification of Coal Tailings for Enhanced Rare Earth Extraction

Rare Earth Elements (REES) which include scandium, yttrium, and lanthanides, play a
critical role in advancing clean energy technologies. However, the current global supply
predominantly relies on mining from traditional deposits concentrated in a few countries,
posing significant supply-chain risks. Coal-related materials, abundant across the United
States, present an alternative and promising secondary source for REEs. Yet, commercial
extraction from these sources remains limited due to inherently low REE concentrations
and complex mineralogical compositions. Typically, REEs in coal tailings are embedded
within clay minerals or amorphous aluminosilicate matrices, significantly impeding
efficient acid-leaching processes. Alkali treatment has been explored as a critical
pretreatment step to improve REE recovery by dissolving gangue aluminosilicate phases
and liberating REEs to improve leachability. However, this dissolution could lead to
condensation and subsequent formation of structurally modified mineral phases, which
may further influence REE extraction efficiency. This study elucidates the structural
transformations induced by alkali pretreatment and their subsequent impact on REE
leachability. Solid-state nuclear magnetic resonance spectroscopy (27Al and 29Si NMR)
and X-ray diffraction (XRD) analyses were employed to characterize the mineralogical
modifications in treated coal tailings comprehensively. Subsequent acid-leaching
experiments on these modified tailings provided direct assessment of how structural
alterations affect REE extractability. Findings from this research will offer critical insights
toward optimizing pretreatment methods and improving the commercial viability of
extracting REEs from coal-based secondary resources.

Priyanka Periwal
Bureau of Economic Geology, The University of Texas at Austin

SEM-based characterization of Minerology and Textures in Rocks at
BEG-eMAGE Laboratory

The growing demand for critical minerals, including rare earth elements (REEs), has
increased the need for advanced analytical tools to support resource exploration and
geological characterization. At BEG-eMAGE Lab, we integrate Scanning Electron
Microscopy (SEM) with Cathodoluminescence, Energy Dispersive X-ray Spectroscopy
(EDS) and automated mineralogy (AMICS software by Bruker Co.) to investigate the
mineralogical origin, composition and texture of selected intermediate, mafic, and
ultramafic rocks, which are key host rocks for many critical mineral deposits. Automated
mineralogy, through software-driven mineral identification and quantification, enables
rapid and high-resolution mapping across the entire thin section. The AMICS software
leverages a comprehensive EDS spectra library from the Mineralogical Society of
America, allowing for efficient and accurate identification of key mineral phases such as
olivine, pyroxene, amphiboles, spinel group minerals, sulfides (e.g., pentlandite,
chalcopyrite), and rare earth element (REE)-bearing phases. The combined textural and
compositional data offers valuable insights into mineral paragenesis, magmatic
differentiation processes, subsolidus alterations, and metallogenic controls on critical
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element concentration and distribution. In addition, we employ cathodoluminescence (CL)
imaging to reveal zoning in apatite- features often invisible under conventional imaging.
The zoning pattern helps understand fluid flow rock interactions and the history of
mineral growth. This study demonstrates the value of SEM-based CL, EDS, and
automated mineralogy in generating reproducible, high-resolution mineralogical datasets
critical for reconstructing mineralization histories, tracing fluid pathways, and guiding
targeted exploration strategies in intermediate-mafic-ultramafic systems.

Wencheng lJin
Harold Vance Department of Petroleum Engineering at Texas A&M University
Advanced Technologies for Sustainable Critical Mineral Recovery

Critical minerals are indispensable to a wide range of essential industries and play a
pivotal role in the ongoing energy transition. However, the sharp rise in demand—coupled
with geopolitical tensions and declining ore grades—points to a looming supply shortage
in the United States. At the same time, the mining industry grapples with substantial
challenges, including high energy consumption for comminution and the generation of
gigatons of waste. To enable sustainable and competitive domestic mining, advances in
innovative extraction and processing technologies are urgently needed. At Texas A&M
University, my research group is addressing these challenges through three emerging
technologies: 1) Pulsed-power in situ preconditioning for selective fracturing of ore
bodies, 2) Microwave-assisted ex situ crushing for efficient, multi-scale fragmentation,
and 3) Machine learning-enabled thermal analysis of ore particles for automated, grade-
based sorting. The core innovation lies in the precision of pulsed power to fracture rock
along mineral veins with distinct mechanical properties, while simultaneously inducing
micro-cracks within mineral particles. This facilitates energy-efficient comminution and
enhances downstream separation accuracy. Additionally, due to their high dielectric loss,
critical minerals such as nickel, copper, iron, and lead sulfides absorb significantly more
microwave energy than gangue minerals (e.g., quartz, feldspar, calcite, barite). This
differential heating induces thermal stresses at grain boundaries, promoting intragranular
and intergranular cracking. The resulting reduction in ore competency and work index
enhances grinding efficiency and enables early-stage gangue rejection via selective
microwave heating. In this talk, | will present a suite of preliminary simulation results
related to these technologies. First, | will introduce a poro-dynamic modeling framework
that couples the phase-field method with mass conservation equations to simulate
pulsed-power-induced rock fracturing, along with its applications. Next, | will present an
integrated electromagnetic-thermal-mechanical (EM-T-M) framework developed to
model microwave-induced stress and fracture in heterogeneous ore particles.
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Jamey Jones
United States Geological Survey

Critical minerals mapping across the United States under the USGS Earth Mapping
Resources Initiative (Earth MRI)

The USGS Earth Mapping Resources Initiative (Earth MRI) acquires modern, high-quality
geoscience data to support National critical mineral mapping. Earth MRI started 2019 and
was significantly enhanced beginning in 2022 by supplemental funding from the
Infrastructure Investment and Jobs Act to “accelerate efforts to carry out the
fundamental resources and mapping mission of the United States Geological Survey by
(1) providing integrated topographic, geologic, geochemical, and geophysical mapping; (2)
accelerating the integration and consolidation of geospatial and resource data; and (3)
providing interpretation of subsurface and above-ground mineral resources data.”
Additionally, Congress instructed USGS to map the Nation’s critical mineral resources,
both in the subsurface and in surface (e.g., mine waste) materials over the next 10 years.
Earth MRI involves close partnership with State Geological Surveys and collaboration
with other Federal, State, Tribe, and private sector partners and stakeholders. Earth MRI
is providing a transformational opportunity for the geoscience community to generate
new detailed geologic maps, perform large-scale reconnaissance geochemical surveys on
mineral systems that are widely dispersed across regional terranes, conduct new regional
and high-quality airborne geophysical and hyperspectral remote sensing surveys, boost
lidar-based geologic mapping, and inventory legacy and active mine sites and examine
critical mineral abundances in mine waste. This presentation will provide the national-
level context for and examples of ongoing research projects and planned future
directions. All published data and reports for Earth MRI can be found at
https://usgs.gov/special-topic/earthmri.

SESSION 4: POLICY AND SUPPLY CHAIN ECONOMICS
Reshoring critical mineral production

Thursday, August 14
TCC 3.102|12:00 - 13:00

Saleh Ali Khawaja
University of Arizona

Enhancing the circular economy potential of mine tailings by recovering valuable
metals and utilizing them in concrete production

Mining waste accumulation in the United States has exceeded 50 billion metric tons, with
addition of 1.6 billion tons annually. A significant portion of this waste is mine tailings, and
their storage poses serious engineering and environmental challenge. Chemical analyses
of mine tailings have indicated the presence of substantial quantities of raw materials,
trace elements including arsenic (As), cadmium (Cd), lead (Pb), chromium (Cr), cobalt (Co),
and nickel (Ni), and rare earth elements (REESs). These findings present a viable reuse
option for the mine tailings. Several extraction techniques have been explored to recover
valuable metals from the waste, which include physical separation (gravity and magnetic
separation), hydrometallurgical methods (acid and alkaline leaching, solvent extraction),
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and bioleaching using metal-solubilizing microbes. However, each method has limitations
and can be effective for certain types of metals and elements and due to this reason, they
do not fully comply with the principles of the circular economy. Therefore, in this research,
a methodology is presented through which the process is combined and optimized to
maximize the extraction of valuable metals from mine tailings and then utilize the residue
as a filler in concrete. This involves, a multistage process where initially the leachability of
metals is maximized by thermal treatment, afterwards the leaching will be performed
under acidic condition and liquid is processed under different conditions to extract the
dissolved RRE, and metals. Finally, the left-over powder form of the is treated with a
neutralizer and used in cementitious material. The process complies with the circular
economy model as its increaser the benefits by reducing the waste and also mitigates the
environmental and safety risks associated with long-term tailings storage.
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Panel Discussion
August13|13:45 - 14:30 PM

The panel discussion during the workshop will discuss the implications of the recent
Presidential Executive Order “Immediate Measures to Increase American Mineral
Production” - with the goal of kickstarting interdisciplinary collaborations between
participants from academia, industry, and government sectors. This panel discussion will
set the stage and introduce topics for discussion in the concluding workshop breakout
sessions on August 14,

Panel Chair
J. Andrew Grant

Associate Professor
Department of Political Studies, Queen’s University

Panelists

Lorena Moscardelli

Bureau of Economic Geology,
Jackson School of Geosciences at The University of Texas at Austin

Douglas Wicks
ARPA-E, Department of Energy

Jeffrey Mauk
United States Geological Survey

Ellis Sullivan
ElementUSA
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