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Safety 

• Start each class with a safety moment
–Each student will be responsible for 

the day’s safety moment
• Note where the restrooms are, 

emergency exits
• Call 911 in case of an emergency



Safety—cont
• Always make sure that you have 

full instructions for the job to be 
done.
– Always know your objectives before 

starting your job.
– Make sure you have read the SOPs 

relating to your job ahead of time.
• WHAT ARE SOPs?

– Make sure that you have copies of the 
SOPs with you.



Virginia T. McLemore
• Principal Senior Economic Geologist with the New Mexico 

Bureau of Mines and Mineral Resources (NMBGMR) since 
1980

• Adjunct Professor with the Departments of Earth and 
Environmental Sciences, and Mineral Engineering at New 
Mexico Tech

• Worked on mineral-resource assessments and research 
projects on mineral resources in NM since 1980, including 
REE, uranium, and beryllium and other critical minerals 
deposits in NM

• Published more than 400 journal articles, books, and other 
reports

• New Mexico Tech, B.S. 1977, M.S. 1980; University of Texas 
at El Paso, Ph.D. 1993; Certified Professional Geologist 
CPG #7438



Class introductions

Name, where from, graduated, 
degree here

What do you expect to learn from 
this course?



CLASS REQUIREMENTS



Goals in this class
• How coal is formed
• Where coal is found in New Mexico
• Source of REE and critical minerals in coal
• Evaluate the potential of REE and other 

critical minerals in coal deposits in New 
Mexico, including in mine waste products

• Compare New Mexico coal deposits to other 
coal deposits in the world that contain REE 
and other critical minerals



Other
• Field trips will examine coal deposits in New 

Mexico
• Lab exercises will examine drill core and 

hand specimens
• Discuss how sampling plans are developed
• Petrographic and chemical analyses of coal
• SOPs and sampling plans
• Mine safety
• Other aspects of coal geology



Class

• The class will meet one day per week for 2-3 
hrs—Tuesdays

• Remaining time spent on field trips or in 
occasional extra discussion sessions (other 
presentations, guest speakers)
– Industrial Minerals Forum (Thursday) 

https://isgswikis.web.illinois.edu/FGIM/index.php/
Main_Page

• May require extra time for the project 
presentations

https://isgswikis.web.illinois.edu/FGIM/index.php/Main_Page




Lectures found on my web site 
http://geoinfo.nmt.edu/staff/mclemo

re/home.html
or

https://geoinfo.nmt.edu/staff/mclem
ore/MineraldepositsofNewMexico.h

tml

http://geoinfo.nmt.edu/staff/mclemore/home.html
https://geoinfo.nmt.edu/staff/mclemore/MineraldepositsofNewMexico.html


Textbooks
• Hoffman, G.K., 2016, Coal, in McLemore, V.T., Timmons, S., 

and Wilks, M., eds., Energy and mineral resources of New 
Mexico: New Mexico Bureau of Geology and Mineral 
Resources Memoir 50B, and New Mexico Geological Society 
Special Publication 13B, 80 p. 

• Committee on Critical Mineral Impacts of the U.S. Economy, 
2008, Minerals, Critical Minerals, and the U.S. Economy: 
Committee on Earth Resources, National Research Council, 
ISBN: 0-309-11283-4, 264 p., download from 
http://www.nap.edu/catalog.php?record_id=12034#toc

• Papers as assigned

http://www.nap.edu/catalog.php?record_id=12034#toc


Memoir 50—Energy and Mineral Resources of 
New Mexico



https://www.usgs.
gov/centers/nmic/
mineral-
commodity-
summaries



Class Details
• Exams: Midterm and Final—both are take 

home exams that will emphasize short 
answer and essay questions. 

• Term project—you are required to do a 
term/research project that will involve some 
original work and meetings outside class. 

• Field trips—there will be 2 or more field trips 
and a trip report on each trip will be required.

• Team work and group reports are 
encouraged, but midterm and final will be on 
your own.



Class Details
• Occasional lecture from me
• Each week, 3 of you will be assigned or will 

find an article on REE in coal and will 
summarize it (powerpoints)
– Article is due by Sunday before class

• Everyone else will have read it 
• We will discuss it in class
• 2 Volunteers to set up a class schedule for 

the papers and for safety presentations



Term projects
• Form a team of 2

– Prefer one grad and one undergrad
• Research chemical data on REE and other elements 

in coal or associated deposits (humate, beach placer 
sandstones, coal wastes, shale, etc.)
– New Mexico
– Coal ash
– Other coal basins

• Describe and interpret that data 
– Spreadsheets
– Chemical plots
– Basic statistics
– Conclusions 

• Will require team to meet at least once every 2 
weeks



Term projects
• Products

– Spreadsheet of chemical data
– Powerpoint
– Summary report (5-10 p.)
– Periodic updates of progress during class



Grades

• Midterm 20%
• Final (comprehensive) 30%
• Lab exercises 10%
• Term project 15%
• Field trip reports 10%
• Class Participation 15%



Schedule
• Aug 24 Introduction
• Sept 14-18  NMGS field trip (I will be gone)
• Oct 13 Midterm due
• Nov 12 Optional field trip to Copper Flat 

mine, Hillsboro (copper mine)
• Nov 23, 30 Term project presentations
• Dec 3 Last day of classes
• Dec 6 Final due
• Dec 4-10  AEMA Reno (I will be gone)



Sources of data
• Internet
• http://minerals.usgs.gov/minerals/pubs/comm

odity/myb/
• http://www.minerals.com/
• USGS and DOE reports
• Societies (SME, others)
• My web site
• Library
• Bureau GIC records
• Other reports not in electronic form

http://www.minerals.com/


Wikipedia 
• Use sparingly
• Some of the information on Wikipedia is 

incorrect
• Some of your best data and sources of 

information are in the library and not in 
electronic form

• Be aware of using copyrighted material—
get permission

• Cite references



What is a mineral?



What is a mineral?
Naturally occurring
Inorganic
Solid
Homogeneous
Crystalline material 
With a unique chemical element or 
compound with a set chemical formula
Usually obtained from the ground



A crystal is composed of a structural unit that is 
repeated in three dimensions. This is the basic 

structural unit of a crystal of sodium chloride, the 
mineral halite.



Another definition



Definition of Minerals

In industry, minerals refer to any 
rock, mineral, or other naturally 
occurring material of economic 
value, including metals, industrial 
minerals, energy minerals, 
gemstones, aggregates, and 
synthetic materials sold as 
commodities.





A mineral occurrence is any 
locality where a useful mineral 

or material is found. 



A mineral prospect is any 
occurrence that has been 

developed by underground or 
by above ground techniques, 

or by subsurface drilling to 
determine the extent of 

mineralization. 



The terms mineral 
occurrence and mineral 
prospect do not have any 

resource or economic 
implications.



A mineral deposit is any 
occurrence of a valuable 

commodity or mineral that is of 
sufficient size and grade 

(concentration) that has potential 
for economic development under 
past, present, or future favorable 

conditions.



An ore deposit is a well-defined mineral 
deposit that has been tested and found to 

be of sufficient size, grade, and 
accessibility to be extracted (i.e. mined) 

and processed at a profit at a specific time. 
Thus, the size and grade of an ore deposit 

changes as the economic conditions 
change. Ore refers to industrial minerals 

as well as metals.



Mineral Deposits versus Ore 
Bodies

=

ore body =

mineral deposit =

ore body

reserves

± reserves
+ unmineable
+ uneconomic
+ mined

mineral deposit 



CLASSIFICATION OF 
MINERAL RESOURCES 

ON U.S. FEDERAL LAND



Locatable Minerals are whatever is 
recognized as a valuable mineral by 

standard authorities, whether metallic or 
other substance, when found on public 

land open to mineral entry in quality and 
quantity sufficient to render a claim 
valuable on account of the mineral 

content, under the United States Mining 
Law of 1872. Specifically excluded from 

location are the leasable minerals, 
common varieties, and salable

minerals.



Leasable Minerals The passage of 
the Mineral Leasing Act of 1920, as 
amended from time to time, places 

the following minerals under the 
leasing law: oil, gas, coal, oil shale, 

sodium, potassium, phosphate, 
native asphalt, solid or semisolid 

bitumen, bituminous rock, oil-
impregnated rock or sand, and sulfur 

in Louisiana and New Mexico.



Salable Minerals The Materials 
Act of 1947, as amended, 

removes petrified wood, common 
varieties of sand, stone, gravel, 
pumice, pumicite, cinders, and 
some clay from location and 

leasing. These materials may be 
acquired by purchase only. 



It is important to recognize that mineral 
deposits are controlled by geological 
processes, not land ownership or 
classification, and that mineral 
resources are found in areas where the 
geology is favorable for the occurrence 
of mineral deposits, and not just 
anywhere on earth. Mineral deposits 
cannot be moved and can only be 
developed where they are discovered.



What are strategic and critical 
minerals?



Strategic and critical minerals
• Minerals needed for military, industrial or 

commercial purposes that are essential to 
renewable energy, national defense equipment, 
medical devices, electronics, agricultural 
production and common household items

• Minerals that are essential for use but subject to 
potential supply disruptions 

• Minerals that perform an essential function for 
which few or no satisfactory substitutes exist

• The absence of which would cause economic or 
social consequences 

• 33-50% minerals are classified as such



Presidential Executive Order No. 
13817 

“a mineral (1) identified to be a nonfuel 
mineral or mineral material essential to the 
economic and national security of the United 
States, (2) from a supply chain that is 
vulnerable to disruption, and (3) that serves 
an essential function in the manufacturing of 
a product, the absence of which would have 
substantial consequences for the U.S. 
economy or national security”







https://www.usgs.gov/centers/nmic/mineral-commodity-summaries



What are the differences between 
critical and strategic minerals?



Differences between critical and 
strategic minerals

• Minerals for military uses are strategic
• Minerals for which a threat to supply could 

involve harm to the economy are critical
• A critical mineral may or may not be 

strategic, while a strategic mineral will 
always be critical



History of strategic and critical 
minerals

• 1918: end of WW1 Harbord List developed
• 1938: Naval Appropriations Act
• 1939: Strategic Minerals Act
• 1940 Reconstruction Finance Corp formed to 

acquire and transport materials
• 1944: Surplus Property Act authorized strategic 

materials stockpile
• Became the Defense National Stockpile Center 

(DNSC)
• 1992: Congress ordered DNSC to sell the bulk of 

the stockpiles



What are green 
technologies?



What are green 
technologies?

Environmental technologies or clean technologies
Future and existing technologies that conserve 
energy and natural resources and curb the 
negative impacts of human involvement, i.e. 
environmental friendly (modified from Wikipedia)
– Alternative power (wind turbines, solar energy)
– Hybrid and electric cars
– Batteries
– Magnets

Other technologies
– Water purification
– Desalination
– Carbon capture and storage



Why are minerals so important?



Why are minerals so important?

Your world is made of them!

The average American uses about two 
million pounds of industrial minerals, 
such as limestone, clay, and 
aggregate, over the period of a 
lifetime.

Building blocks of our way of life



https://mineralseducationcoalition.org/mining-mineral-statistics/



https://mineralseducationcoalition.org/mining-mineral-statistics/



http://www.mii.org/pdfs/2011PerCapita.pdf



U.S. flow of raw materials by weight 1900-2014. The use of raw 
materials in the U.S. increased dramatically during the last 100 

years (modified from Wagner, 2002). 

https://www.usgs.gov/centers/nmic/mineral-commodity-summaries



Assignment due next week
• Safety moment
• First 3 papers on coal
• Select teams of 2

–Title of project due Sept 7



Assignment
• Mineral deposit models (Cox and Singer, 1986, 

http://pubs.usgs.gov/bul/b1693/Tlbc.pdf)
• Principles of a resource/reserve classification for minerals 

(http://pubs.usgs.gov/circ/1980/0831/report.pdf)
• NATIONAL INSTRUMENT 43-101, STANDARDS OF 

DISCLOSURE FOR MINERAL PROJECTS 
(http://web.cim.org/standards/documents/Block484_Doc111.pdf)

• Hoffman, G.K., 2016, Coal, in McLemore, V.T., Timmons, S., 
and Wilks, M., eds., Energy and mineral resources of New 
Mexico: New Mexico Bureau of Geology and Mineral 
Resources Memoir 50B, and New Mexico Geological Society 
Special Publication 13B, 80 p. 

http://pubs.usgs.gov/bul/b1693/Tlbc.pdf
http://pubs.usgs.gov/circ/1980/0831/report.pdf
http://web.cim.org/standards/documents/Block484_Doc111.pdf
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