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AMERICA’S RELIANCE ON CRITICAL MINERALS
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AMERICA’S RELIANCE ON CRITICAL MINERALS

COBALT

Cobalt is often found as a
LITHIUM byproduct of copper and nickel
mining. Tailings from copper
and nickel operations,
particularly those targeting
sulfide ores, may contain
cobalt as well.

Tailings from lithium-
bearing minerals, such as
spodumene, lepidolite, and
petalite, can be potential

RARE EARTH sources of lithium. These
ELEMENTS minerals are commonly

REES, such as neodymium associated with pegmatite

dysprosium, and europium, deposits.
are often associated with

certain types of mineral

deposits. Tailings from

mining operations targeting COBALT
minerals like monazite,
bastnasite, and xenotime
can contain significant
amounts of REEs.

associatec

LITHIUM TUNGSTEN

RARE EARTH
ELEMENTS
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IMAGING 101

: Application of hyperspectral imaging technology at Spor Mountain, Utah, will enable
the precise identification and characterization of critical minerals within the region, offering valuable
insights into their distribution, abundance, and potential economic viability. HI has the potential to
facilitate the sustainable and efficient extraction of essential minerals from geologically significant
areas.

WHY SOLVE?: Determine hyperspectral imaging algorithms and bands ratios (math) that find critical
minerals/materials using the Spor Mountain analogue. Use results for other geologically similar areas.
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METHODOLOGY:

FIELD
SURVEY




IMAGING 101

Dimension| -

Spectral images
taken simultaneously
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METHODOLOGY

Example workflow from Booysen et al. 2022

Raw SWIR hypérspectral
outcrop data
1

Raw SWIR hyperspectral data of
hand samples

Raw SWIR and LWIR

- Ground-based photographs
hyperspectral data of drill-cores

1

Dark current subtraction and _| Conversion to at-sensor radiance SfM-MVS photogrammetry
sensor specific calibration and optical distortion correction I
[ . Digital outcrop model and
Bad pixels replacement and lens ___Radiance data cube | 3D point cloud
distortion correction
[ Back-project the hyperspectral
data to georeferenced 3D point
Radiance to reflectance cloud
conversion 1
l [ Hypercioud
Spectral libraries: Corrected hyperspectral | Corrected hyperspectral |
USGS & CSIRO data of.drill-cgres L data Of hand Samples Radiance to reflectance
I l Empirical-line correction
-~
Mineral selection I I topographic and ambient light
corrections
Band ratio MWM
I | | Legend
- - : Georeferenced and spectrally
CI%S:é?;gtrl\ot:e:'m corrected hypercloud Raw data
l ] .l : Pre-processing
Mineral map of | Mineral map of _Um MWM
drill-cores hand samples ,
[ . | Processing
. o ; 3D outcrop '
Geochemical data Validation set
| mineral map | Result
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METHODOLOGY

1 Sample-specific reflectance data used to fine-tune

2 Improve ML capabilities for hyperspectral assessment of mineralization

analog environments

FIELD
SURVEY

Location evaluation Spatia| registration Mineral collections
Band combinations

Literature review Ground collection (sampling)

PCA
Deconvolution
Image enhancement Review data and adapt
methodology
Satellite review Enhanced Mineral Identification
Geological mapping Improved Accuracy and Efficiency
Hyperspectral imaging Cost-Effectiveness

2023 EGI Annual Technical Conference Energy & Geosclence Institute | 972)

AT THE UNIVERSITY OF UTAH




SPOR MOUNTAIN, UTAH




AMERICA’S RELIANCE ON CRITICAL MINERALS

FIELD
SURVEY
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FIELD SPOR MOUNTAIN, UTAH

SURVEY

The Utah Geological Survey estimates that for every
150,000 gem-quality diamonds unearthed, one crystal
of red beryl is found.

The district has a large concentration of Bertrandite
ML (source of beryllium in the US). Five open-pit mines
- have supplied mill feed to a processing plant near

Delta, Utah for approximately 15 years.

AT THE UNIVERSITY OF UTAH

onference EG I Energy & Geoscience Institute ( \



PIEE AMERICA’S RELIANCE ON CRITICAL MINERALS

SURVEY
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FIELD WHY SPOR MOUNTAIN?

SURVEY

ENERGY TECHNOLOGY STEEL BATTERIES RESEARCH
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METHODOLOGY

01 DEFINE STUDY AREA AND RESEARCH OBJECTIVES

STEP
01 Determine specific region for exploration and
clarify target critical minerals. Understand
geological context and potential mineralization
02 ACQUIRE HYPERSPECTRAL DATA STEP models associated with the area.
Acquire hyperspectral data from appropriate 02
satellite missions. Consider factors such as spatial
resolution, spectral range, and revisit frequency
when selecting the data acquisition platform. STEP 03 PREPROCESS HYPERSPECTRAL DATA
03 Preprocessing steps to include a combination of
atmospheric correction, geometric correction, and
spectral resampling to a consistent spectral
04 SPECTRAL ANALYSIS AND MINERAL IDENTIFICATION STEP resolution in order to allow band combinations etc.
Identify spectral signatures associated with 04
critical minerals using spectral analysis
techniques including: spectral un-mixing, band
ratioing, or spectral feature extraction algorithms. STEP 05 GENERATE MINERAL MAPS AND ANOMALY DETECTION
Compare the spectral signatures obtained from 05

Using identified mineral signatures, create maps highlighting areas with
potential critical mineral occurrences. Utilize anomaly detection
algorithms can help identify areas where the spectral properties deviate
significantly from the background, indicating potential mineralization
hotspots.

& N
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the data with known spectral libraries of minerals
to identify potential critical mineral occurrences.



METHODOLOGY

01 DEFINE STUDY AREA AND RESEARCH OBJECTIVES

STEP
m Determine specific region for exploration and clarify target critical minerals. Understand
geological context and potential mineralization models associated with the area.
STUDY AREA SATELLITES CRITICAL MINERALS TAILINGS

ad
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WHY SPOR MOUNTAIN?
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Legend

Older volcanics
Paleozoic rocks

Beryllium deposits: surface
projection of bertrandite-
fluorite-silica deposits in
Miocene lithic tuffs

-/ Fault

@ Rhyolite vent
A Fluorspar pipe
() Fluorspar vein

Uranium deposit
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NEXT STEPS

Example workflow from Booysen et al. 2022

Raw SWIR and LWIR Raw SWIR hyperspectrai data of Raw SWIR hypérspedral Ground-based photographs
hyperspectral data of drill-cores hand samples outcrop data T
1
Dark current subtraction and Conversion to at-sensor radiance SfM-MVS photogrammetry
sensor specific calibration and optical distortion correction I
[ . Digital outcrop model and
Bad pixels replacement and lens , Rasiuaﬁzedatagube 3D point cloud
distortion correction
[ Back-project the hyperspectral
data to georeferenced 3D point
Radiance to reflectance cloud
conversion 1
[ l Hypercioud
Spectral libraries: Corrected hyperspectral | Corrected hyperspectral 1
USGS & CSIRO data of drill-cores | data of hand samples Radiance to reflectance
l l Empirical-line correction
- .
Mineral selection l I topographic and ambient light
corrections
Band ratio MWM
| | | Legend
: : : Georeferenced and spectrally
-
Cla;:(':izgzot:ez'm corrected hypercloud Raw data
1 1
Mineral map of Mineral map of | Up-scaling | MVWM ] I Pre-processing
drill-cores hand samples
| | Processing
Geochemical data Validation set 90 aulorop
| mineral map Result
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NEXT STEPS

Dataset analysis

Reflectance data per-pixel analysis . . x
L ., i |
e e .\'—;4.‘ , s .
Target detection DRy Nt
o : \ -
' - -
Utilize other satellites: PRISMA, T te
° ° Bl
Sentinel-2, Worldview - :
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