= EcoNnomic TEXAS

\ W& / /4

“{g---'f ‘ EOLO GY The University of Texas at Austin

Critical Minerals Texas Potential: Lignites and Rhyolites

Oklahoma Geological Survey

Critical Minerals Workshop
November 9th, 2021

Tristan Childress

USGS tristan.childress@beg.utexas. edu R v

m"ce  fora changing worl_ Bureau of Economic Geology

The Umversnty of Texas at Austln o



A]]- the MEtalS we Mined l' ocsliolsiobia: i35 bas

Metals are the building blocks of the global economy,

IN ONE CHART

: / _mgx " © Metals vs. Ores
Iron ore made up roughly ! 1 Oresare naturally occurring rocks that  Metals are the valuable parts of
# 94% of the 3.2 billion tonnes : : .~ contain metals or metal compounds.  ores that can be extracted and sold.
of metals mined in 2019.

Industrial metals
207,478,486 tonnes

Aluminum is the world’s second-most 7=\ Manganese is mainly used in iron and steel °
used metal after iron, found in everything @ manufacturing and is a key ingredient in preclous metals
from electronic devices to aircraft parts. lithium-ion batteries.

1,335,848 tonnes
Copper production is one-third that of . Chromium enhances the hardenability and
aluminum, though it has several uses =" corrosion resistance of stainless steel. /a3, Niobium is a rare metal used in superalloys
ranging from wiring to construction. ; * for jet and rocket engines.

Lithium and cobalt are critical ingredients
of lithium-ion batteries for electric vehicles.

Indium is used to make indium tin oxide,
*an important part of touch screens, TVs,
and solar panels.

ELEMENTS Source: British Geological Survey (2019), USGS Mineral Commodity Summaries (2021)

) *Ore production does not reflect actual metal production as metals only make up a certain portion of ores. Weliveina
elements.visualcapitalist.com ’ : : : Graphic excludes semi-metals and metalloids. Hafnium is contained in Zircon.
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State of EconomicsDemand

2020 World B an k Figure 4.3 Projected Annual Mineral Demand Under 2DS Only from Energy Technologies in 2050, Compared to 2018 Production Levels

Report: Minerals for

Climate Action a. 2050 annual demand from energy technologies b. Annual demand from energy technologies
as percentage of 2018 production in 2050
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SN Total Metals 324881433 tonnes

From iron ore to rare earths, here are all the metals we mined in 2019.
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Iron ore
3,040,000,000 tonnes

. Iron ore made up roughly
94% of the 3.2 billion tonnes
of metals mined in 2019.

BB = 1.000.000 tonnes

Industrial metals
1 207,478,486 tonnes
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: Oresare naturally occurring rocks that  Metals are the valuable parts of
contain metals or metal compounds.  ores that can be extracted and sold.
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Lithium and cobalt are critical ingredients
of lithium-ion batteries for electric vehicles.
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Our bottom-up assessment suggests that a concerted effort to reach
the goals of the Paris Agreement (climate stabilisation at “well below
2°C global temperature rise”, as in the |[EA Sustainable Development
Scenario [SDS]) would mean a quadrupling of mineral requirements

Indium is used to make indium tin oxide,
“xL* an important part of touch screens, TVs,
and solar panels.
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The Eartis natural resources powerour
everyday ives.VC Elements breaks down

material world.
the buiding blocks ofthe universe.

‘Total Metals 324881433 tonnes

b earths, here are all the metals we mined in 2019.

All thelfor clean energy technologies by 2040. An even faster transition, to
mmore oA Nit Net-zero globally by 2050, would require six times more mineral fooroooo
inputs in 2040 than today.

Tech and
precious metals

1,335,848 tonnes

. Niobium is a rare metal used in superalloys
for jet and rocket engines.
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Indium is used to make indium tin oxide,
< an important part of touch screens, Tvs,
and solar panels.
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US Response

State of EconomicsSupply

Earth MRI Project Phase
Critical Minerals

Data Types in Each Discipline Applications

Topography— 30 elevation lidar data

Mineral deposits
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Sources:

Dicken and others, 2021, USGS data release, https://doi.org/10.5066/POWA7JZY
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Dicken and Hammarstrom, 2020, USGS data release, https://doi.org/10.5066/P95CO8LR
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West Texag Alkalic Volcanism

Calc-alkalic \ Alkalic

NEW MEXICO

A Large magmatic province extending from
NM, through West TX, down into Mexico

A Alkalic magmas strongly associated with
REE-enrichment

A Long history of metals mining e.g. Van
Horn copper, El Paso tin

A Newer proven resources of REE
A Round Top, Sierra Blanca, TX
A 303k tonnes rare earth oxides

A Are there other Round Tops in
West Texas?

Pingitore et al. 2014;
O6Nei I | et




West Texag Round Top Mine
TEXAS

A Rhyolite, located in Sierra Blanca, TX T™MR MINERAL
A Estimated 20 years of initial mine life RESOURCES
A Average annual revenue of $396 million EUHP

A Production will consist of REEs, tech metals, and industrial minerals

Revenue = 1/4 REEsSs, 2/4 tech

$396mm Projected Total Annual Revenue

Industrial Heavy Rare M Eta|S y 1/4 I n d UStrl al

A HREE-rich (accounts for >70% of total REE, >90% REE revenue)

20% . - 26%

‘ Light Rare
—— _Earths, 3%

A Funding from Department of Defense to develop extraction

techniques, Continuous lon Exchange/Chromatography
(CIX/CIC) producing 99.999% purity
A 20,000 tonnes/day; 2,200 tonnes/year rare earth oxides
A Mine-to-magnets strategy by USARE to keep it 100% domestic




West Texag Round Top Mine

Round Top looking East 105°28'0"W 105°24'0"W 105°20'0"W
Write a description for your map.
Rock Unit

Alluvium deposits

Intrusive igneous rocks

Tertiary  Quaternary

[ undivided sedimentary
Campagrande Formation|
Buda Limestone
Cox Sandstone
Etholen Conglomerate

= 2 Sierra Blanca Finlay Formation

31°16'0"N

o

S 105°28'0"W 105°24'0"W 106°20'0"W

Google Earth

Al e A S e »

< 1000 1t

O'Neill et al., 2017




West Texasg

Budals,

Negron et al., 2016,

2020

~K-feldsparg=-

}:;Iagloclase
rlmmed by

K- feldps“/’

>sé&!or—zoﬁ‘ed

O'Neill et al., 2017
Elliot et al.,

2018




-
|

BUREAU OF
EcoNnomic
GEOLOGY

.

20kV

10 50 BES




West Texag Round Top Mine

: : o 30% fractionation correlation coefficient
Pink circles = Round Top late assemblage Sierra Blanca =0.0027
rhyolite Round Top r=0.0536

Purple circles = Sierra
Blanca

Late- to Post-magmatic

HREE enrichment is key to _ HREE enrichment

economics. Not well
understood, but high H20,
Li, and/or F content thought
to be primary complexes that
concentrated HREEs in ~0.5% accessory minerals (zircon, thorite, bastnasite, uraninite,

residual melts xenotime, cerite, Y-Ce-REE fluorides, etc.) account for
observed HREE enrichment
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West Texag Alkalic Volcanism Cornudas, Texas

A Funded activity for 2 years
A Finish August 2022

A Goals
A 2 quadrangles
A 1:24k mapping
A ~100 samples for geochemistry

A Progress
A Field mapping largely completed Feb-April 2021
A Sampled approximately 120 outcrops, veins, and drainages
A 86 samples sent to USGS for assay analyses
A 86 samples cut into billets for further microscopy and geochemistry

A To-do
A Review our work with upcoming USGS aerial survey data
A Digitize field maps and conform data to GeMS format
A Develop long-term data-driven strategies for further exploration-type field
work in West Texas




West Texag Cornudas

A Exploration approach i take "base" samples and

samples of unusual formations ,

A syenitic/phonolitic bodies, contact rocks, -
calcite veins, discoloration, drainage wash 3

A Quadrangle-scale structure often points to
intrusive body beneath (with occasional outcrop)

A Calcite veins grow in frequency and size with
proximity to intrusive bodies

A Geochemistry, structural data, aeromag and
radiometric surveys will tell a story

A Apply what we learn in Cornudas to the rest of
West Texas

Google Earth
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Drainages excellent for finding hidden

outcrops and calcite veins. Gravel wash may
have clues as to what is covered upstream.

Calcite veins proximal to intrusive bodies
likely hold information about the fluids

given off during emplacement and

EcoNOMIC crystallization, and may serve as vectors
GEOLOGY
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