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CORE-CM project—Rare Earth Elements and 
Critical Minerals in the San Juan and Raton 
Basins, northern New Mexico (DOE project)
CORE-CM=Carbon Ore, Rare Earth and 
Critical Minerals
• Identify and quantify the distribution of 

REE and CM in coal beds and related 
stratigraphic units in the San Juan and 
Raton basins

Identify, sample, and characterize coal 
waste stream products



In the United States, a critical mineral is a nonfuel mineral commodity that 
is essential to the economic and national security of the United States, and 
is from a supply chain that is vulnerable to global and national disruption.



Purpose
• Identify the industrial minerals currently mined in the San 

Juan Basin
• Identify potential additional industrial minerals in the basin
• Identify potential critical minerals in the basin

• Provide needed jobs to replace those lost in oil, gas, and 
coal production as we transition to a carbon-free economy 



Geological Background – San Juan Basin
• An asymmetrical structural 

depression forming southeast 
margin of the Colorado Plateau 

• Upper Cretaceous–Early Tertiary 
age

• 26,000 + square miles
• San Juan Basin has 3 major 

coal-bearing units
• Crevasse Canyon
• Menefee
• Fruitland Formations

• ~ 24 coal fields
• Stratigraphy of the San Juan 

basin dips inward from the 
highlands towards the center of 
the basin, creating a “trough-like” 
feature

Stratigraphic 
section of the 
San Juan basin, 
Northern New 
Mexico 
(Hoffman, 2017) 



• A soft mineral (hardness of 1.5-2) with the formula CaSO4·2H2O, and is 
typically formed in sedimentary environments

• Used primarily in the manufacture of wallboard for homes, offices, and 
commercial buildings; other uses include the manufacture of Portland 
cement, plaster-of-Paris, and as a soil conditioner

• Eagle Materials (formerly Centex) operates the White Mesa mine near 
Cuba and 2 wallboard plants in Albuquerque and Bernalillo

Gypsum



Gypsum is mined at White Mesa, Sandoval 
County (Eagle Materials) and used to 
manufacture wallboard

• An average new American home of 2,000-square-foot 
floor area uses approximately 7.31 metric tons (t) of 
gypsum in more than 571 square meters (6,144 
square feet) of gypsum wallboard

• As a filler in food products the average person eats 
about 28 pounds of gypsum in a lifetime (National 
Gypsum Company, 2005)



HUMATES

• Weathered coal and organic material
• Leonardite, weathered lignite
• Transitions to coal at depth
• Humic acids
• Coal burns, high quality humate dissolves in water
• Mining began in New Mexico in 1980s
• Used as a soil conditioner, medicinal uses, dispersant and 

viscosity control in oil-well drilling muds, stabilizer for ion-
exchange resins in water treatment, source of water-soluble 
brown stain for wood finishing

• Possibly REE from water soluble products





CLINKER (RED DOG, BAKED SHALE, SCORIA, BURNED 
COAL)

• Aggregate for roads
• Decorative stone
• Naturally burned coal
• Metal working 
• Glass manufacture



Clinker
• Clinkers (red) are sedimentary rocks 

pyrometamorphosed by fire
• Coal seam fires can start from multiple 

causes at the surface
• Wildfires
• Lightning strikes
• Spontaneous combustion by the 

oxidation of pyrite
• Coal seam fires can spread extensively 

underground 
• Temperatures can reach 1000°F, baking 

surrounding rocks
• Clinkers can be indicators of coal 

resources that aren’t exposed
• Resistant to erosion





Petrography of Clinkers
Several samples have been examined with 
transmitted light microscopy

• Dominant minerals through all 3 samples are
1. Quartz (SiO2)
2. Clay minerals (generally high in Al2O3)
3. Hematite (more prevalent in some samples)

Thin section scan and photomicrograph 
of COAL9, a pyrometamorphosed
mudstone with grains of quartz.

Thin section scan and 
photomicrograph of 
COAL28, a 
claystone/mudstone 
clinker containing 
more abundant clay 
minerals.

Thin section scan and 
photomicrograph of COAL36, 
which is a fine-grained quartz 
arenite rich in iron oxide. 
Bedding is defined by variations 
in grain size and quartz content.

From Devlon Shaver



Coal

Clinker



• In the San Juan Basin 
• Restricted to Late Cretaceous rocks 
• Gallup, Dalton, Point Lookout, and 

Pictured Cliffs Sandstones 

HEAVY-MINERAL, BEACH-
PLACER SANDSTONE DEPOSITS



Economic deposits are 10 million tons of >2% heavy minerals

• Zirconium as zircon (1-50%)
Ceramic tiles, bricks used to line steel making furnaces, mold and 
chill sands, alloying agent in steel, laboratory crucibles

• Titanium as ilmenite (10-60%), rutile, leucoxene (titanium, 5-
25%)

White pigment found in toothpaste, paint, paper, glazes, and some 
plastics, heat exchangers in desalination plants, alloys in aircraft, 
welding rods

• REE as monazite (Ce,La,Y,Th)PO4) (<15%)
Catalyst, glass, polishing, re-chargeable batteries, magnets, lasers, 
glass, TV color phosphors

• Other minerals
Garnet, starolite, kyanite trace-50%

Economics of modern mineral sands



Are in the vicinity of coal fields (blue)



Sanostee deposit, San 
Juan County 

Resources are estimated by the 
USBM as 4,741,200 short tons of 
ore containing 12.8% TiO2, 2.1% 
Zr, 15.5% Fe and less than 0.10 
ThO2 with some REE (USBM files)



Electron microprobe 
photo of sample SAN 
6 (Sanostee). Zircon
=red, ilmenite=blue, 
and monazite=yellow. 
Mottled, lighter 
colored cement=iron 
oxide (hematite). Dark 
gray grains=quartz. 
Black areas=pore 
spaces.



• Cryogenic applications, 24%
• DEA blimps
• advertising

• Pressurizing and purging, 20%
• Welding cover gas, 18%
• Controlled atmospheres, 16%
• Leak detection, 6%
• Breathing mixtures, 3%
• Other, 13%

HELIUM
• Helium in the uranium 

mineral clevite
• Natural gas wells in 

Texas, Oklahoma, New 
Mexico, and Kansas



Broadhead and Gillard, 2004 1 plant produced 95% to 99.5% helium in 2022



• Fuels 1 electrical generating plant in NM 
and others in Az

• Also used in chemical, metallurgical, 
and pharmaceutical industries

• 2 surface mines in San Juan Basin
• Resources at Raton, Carrizozo
• 12th in production in U.S. in 2021

• 15th in estimated reserves 
• 65 million short tons of recoverable reserves

• San Juan generating station in the 
Farmington closed in 2022

• Coal production is expected to continue to 
decrease in the near future

COAL—Critical minerals



• Coal deposits are in the San 
Juan Basin 

• Restricted to Late Cretaceous 
rocks belonging to the Gallup, 
Dalton, Point Lookout, and 
Pictured Cliffs Sandstones 

New Mexico Coal Fields



Coal Samples—21 
fields (total 26)

• 106 coal, ash, 
humate, clinker 
samples

• 105 igneous 
rocks, shale, 
sandstone, clay, 
other 

• 125 beach placer



AshFruitland

REE in San Juan Basin Coals
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Critical minerals in Coal

Monero
Standing Rock

La Ventana Salt Lake



Correlation plots for 
coal/humate/ash 
deposits (new 
unpublished data; 
Taggart et al. 2016) (note 
different scales)

The chemical analyses 
indicates the 
predominant mineralogy 
for that element.

Detailed mineralogical 
study is underway

Geochemistry of 
coal deposits
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Coal ash as an industrial mineral
• Cement/concrete/grout
• Wallboard
• Roofing materials
• Bricks 
• Potential recovery of REE and other critical minerals

• The only use of NM coal ash has been for flue gas 
desulfurization



URANIUM



Geochemistry of 
uranium deposits



Historical Production from the Morrison 
Formation in Grants District

• 340 million lbs of U3O8 from 1948-2002; plus 
vanadium (critical mineral), molybdenum 
• Additional 450 million lbs in historic resources

• Accounting for 97% of the total uranium production 
in New Mexico

• More than 30% of the total uranium production in the 
United States

• 7th largest district in total uranium production in the 
world



Importance of sandstone uranium deposits in 
the Grants district

• Major mining companies abandoned the  districts after the 
last cycle leaving advanced uranium projects.

• Inexpensive property acquisition costs includes $$ millions 
of exploration and development expenditures. 

• Availability of data and technical expertise.
• Recent advances in in situ leaching makes sandstone 

uranium deposits attractive economically.
• Potential critical minerals: rhenium in molybdenum, REE 

(especially heavy REE), vanadium, scandium



Other industrial minerals

• Fluorite in Zuni Mountains (potential critical minerals?)
• REE in episyenites in Zuni Mountains
• Pumice, scoria, perlite near Grants, southern San Juan 

Basin
• High Ca limestone (Todilto limestone)
• Sand and gravel operations throughout the basin
• Clay deposits
• Potential sulfur from oil and gas production



SUMMARY
• Gypsum is produced from the Todilto Formation
• Humates (weathered coal) are produced from coal and humate

mines—humate production will continue even though coal 
mines are closing

• Clinkers (burned coal deposits) and sand and gravel are used in 
road construction and decorative stone

• Helium from oil and gas wells
• Potential REE, Ti, Zr from Late Cretaceous heavy-mineral, beach 

placer sandstones
• Potential REE and other critical minerals from coal and coal ash
• Potential V, Re, REE from sandstone U deposits



QUESTIONS?

36

See project web page at 
https://geoinfo.nmt.edu/staff/mclemore/REEinCoalWeb.html

https://geoinfo.nmt.edu/staff/mclemore/REEinCoalWeb.html


• 274 in NM, including coal
• Pink=predominantly industrial 

minerals districts
• Mining district, coal field, 

prospect area, or the 
geographical area as defined by 
File and Northrop (1966), 
Shoemaker et al. (1971), North 
and McLemore (1986), 
McLemore and Chenoweth 
(1989), Hoffman (1996), and 
McLemore (2001)

MINING DISTRICTS 
(PRODUCTION) AND PROSPECT 
AREAS (NO PRODUCTION)
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