
Rare Earth Elements in Sedimentary Phosphate:
Solution to the Global REE Crisis?

Jared Freiburg (ISGS)
Jay Zambito (Beloit College)
Charles Ver Straeten (NYGS)

Alex Bartholomew (SUNY New Paltz)
Drew Andrews (KGS)
Jed Day (IL State U.)

Mike Sell (Illinois State U.)
Erika Danielsen (OGS)
Jeff Trop (Bucknell U.)

Jeff Over (SUNY Geneseo)
Maria Mastalerz (IGWS)

Arkansas Geo. Survey
Oklahoma Geo. Survey
Matt Johnson (IGWS)

Pat McLaughlin

Poul (Emsbo)
Neil Griffis (USGS)
Ryan Clark (IGS)

Joe Devera (ISGS)
Carlton Brett (U. Cincinnati)

Gordon Baird (SUNY Fredonia)
Ron Clendening (TGS)

Katherine Tucker (IGWS)
Greg Cane (ISGS)

Dave Malone (IL State U.)
Damon 

Thijs Vandenbroucke (U. Ghent, Belgium)
Jahan Ramezani (MIT)
Alyssa Bancroft (IGS)

Tim Paton (ISGS)
Cristiana Esteves (U. Ghent)

Kyle Ganz (MGS)
Bill Batten (WGNHS)

Carsyn Ames (WGNHS)
Jenna Lanman (IGWS)

Brian Witzke (IGS)
Heikki Bauert (Estonian GS)

Jared Thomas (ISGS)

Contributors



Sedimentary phosphate REEs



Florida Miocene-Pliocene phosphate 
and carbonates: Hawthorne Group



REEs in Florida phosphate
• 85% of U.S. phosphate production

• 3% P beneficiated to 30% P
• 100% Francolite digestion with weak acid
• ΣREE 900 ppm

• ~50% of annual HREE demand put into 
solution but not recovered

www.dep.state.fl.us/geology



Earth Mapping Resources Initiative

Mountain Pass, CA



Earth MRI Phase II: 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

• Appalachian Basin
• New York
• Pennsylvania
• West Virginia
• Ohio
• Kentucky

• Illinois Basin
• Indiana
• Illinois
• Kentucky
• Tennessee
• Iowa
• Missouri 
• Arkansas
• Oklahoma



Devonian phosphorite, Appalachians: 
New York
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Devonian phosphorite, Appalachians: 
Collections
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Kashong Shale



Midcontinent Devonian phosphorite:
Kentucky
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Midcontinent Devonian phosphorite: 
Tennessee
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Midcontinent Devonian-Miss. phosphorite:
Tennessee
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Midcontinent Devonian-Miss. phosphorite:
Kentucky + Indiana
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www.paleocurrents.com

Midcontinent Devonian-Miss. phosphorite:
Oklahoma
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Midcontinent Devonian-Miss. phosphorite:
Illinois



Association with Devonian oceanic anoxic events

Hangenberg Event 

• Devonian-Mississippian boundary (359 Ma)
• 2nd largest extinction in Devonian
• Large carbon isotope excursion (+5 per mil)
• Widespread black shales-oceanic anoxia

Kellwasser Event

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

Hangenberg black shale, Kowala Quarry, Poland (Matyja et al., 2021)



Secular change in phosphate REEs
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New Scotland Fm: New York: nodules
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Connelly Mbr: 2 localities: clasts



1

10

100

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

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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Boyle Fm: Kentucky: granular
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Kashong Mbr: New York: nodules
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Tully Fm: New York: clasts
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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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Falling Run Bed: Indiana: concretions



Earth Mapping Resources Initiative:
Geochemical Reconnaissance of Ordovician-aged Rare Earth Element-
Enriched Sedimentary Phosphate in the Central United States



Regional stratigraphic framework

Kolata et al. (2001)



Midcontinent Ordovician phosphorite: 
Graf, Iowa

Photo credit: B.J. Witzke
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Browns Bottom Quarry
Dubuque, IA

Mt. Carol Quarry
Mt. Carol, IL
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Minooka Park core
Milwaukee, WI

Ordovician phosphorite: IA-WI-IL



Midcontinent Ordovician phosphorite: 
Graf, Iowa

Brown’s Quarry in southwestern Dubuque, Iowa ΣHREE >50% Bokan Mnt



Midcontinent Ordovician phosphorite: 
Love Hollow, Arkansas



Midcontinent Ordovician phosphorite: 
Love Hollow, Arkansas



Midcontinent Ordovician phosphorite: 
Love Hollow, Illinois



Summary

• Devonian phosphate REEs
• Inventoried cores and outcrops over eastern US
• Documented secular changes
• Identified highly prospective intervals
• More work geo-framework locating “thicks”

• Ordovician phosphate REEs
• Project still ramping up, runs until Sept. 2024
• Many samples already analyzed
• 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


