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1000 %

REEs in Florida phosphate

* 85% of U.S. phosphate production

* 3% P beneficiated to 30% P

* 100% Francolite digestion with weak acid
 2REE 900 ppm

* ~50% of annual HREE demand put into
solution but not recovered
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Earth Mapping Resources Initiative

- Los Alamos National Laboratory Chemistry Division
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Earth MRI Phase Il: Geochemical Sampling (Appalachian Basin) and Regional
Interpretation (Illinois and Appalachian Basins) of Devonian-Aged Rare Earth
Element-Enriched Sedimentary Phosphatic Stratigraphic Units in the Central
and Eastern United States
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* New York |
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* Kentucky
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* Indiana
* |llinois
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* Tennessee
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* Missouri

Distribution of
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Devonian phosphorite, Appalachians:

Collections
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Midcontinent Devonian phosphorite:
Kentucky
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Palaeobiodiversity and Pal:
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(2018) 98:331-368

https://doi.org/10.1007/512549-018-0323-6
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Litho-, bio-, and sequence stratigraphy of the Boyle-Portwood
Succession (Middle Devonian, Central Kentucky, USA)

Carlton E. Brett" - James J. Zambito IV? - Gordon C. Baird® - Z. Sarah Aboussalam* + R. Thomas Becker*

Alexander J. Bartholomew®
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Midcontinent Devonian-Miss. phosphorite:

Tennessee
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Midcontinent Devonian-Miss. phosphorite:

Kentucky + Indiana
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Midcontinent Devonian-

Oklahoma
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Association with Devonian oceanic anoxic events

Hangenberg Event

e Devonian-Mississippian boundary (359 Ma)
e 2 |argest extinction in Devonian

e Large carbon isotope excursion (+5 per mil)
e Widespread black shales-oceanic anoxia

* Frasnian-Famennian boundary (372 Ma)
e One of top 5 largest mass extinction events
e Two pulses of oceanic anoxia



Secular change in phosphate REEs
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New Scotland Fm: New York: nodules
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Connelly Mbr: 2 localities: clasts
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Esopus Fm: New York: concretions
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Schoharie Fm: New York: clasts
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Onondaga Fm: New York: clasts
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Union Springs Fm: New York: granular
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Kettle Point Fm: Ontario: concretions
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Gassaway Mbr: Tennessee: granular
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Cleveland Mbr: Kentucky: concretions
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Earth Mapping Resources Initiative:
Geochemical Reconnaissance of Ordovician-aged Rare Earth Element-

Enriched Sedimentary Phosphate in the Central United States
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Midcontinent Ordovician phosphorite
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Ordovician phosphorite: IA-WI-IL
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Midcontinent Ordovician phosphorite:
Love Hollow, Arkansas
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Midcontinent Ordovician phosphorite:
Love Hollow, Illinois
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Mountain Pass

Summary
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* Devonian phosphate REEs

Inventoried cores and outcrops over eastern US
Documented secular changes

Identified highly prospective intervals

More work geo-framework locating “thicks”
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* Project still ramping up, runs until Sept. 2024 M
 Many samples already analyzed "y
e Concentrations similar Florida and Phosphoria phosphate
* Advanced geo-framework for predicting thicks
* Coordinated with PhD biostrat project
* Fledgling geochronology effort underway
* Regional chemostratigraphy ramping up



