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Image of pure rare earth elements oxides from:
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Periodic table of the elements showing the elements generally included among
the rare earth elements.

Yellow: The lanthanoid elements. Pm (promethium) is left blank because it
does not occur in nature.

Dark Blue: Y (yttrium) is usually included with the lanthanoid elements as a rare
earth element because it behaves chemically like a lanthanoid element.

Light blue: Sc (scandium) is sometimes included with yttrium and the
lanthanoid elements as a rare earth element, but we do not do so here.



The lanthanoid contraction is a gradual decrease in the ionic radius of each
element as atomic number increases. The decrease is approximately 1
Angstrom per unit atomic number, except when going from Gd (gadolinium) to
Tb (terbium) where the decrease is approximately 2 Angstroms. La (lanthanum)
to Gd (gadolinium) are often referred to as the light rare earth elements and Tb
(terbium) to Lu (lutetium) as the heavy rare earth elements. Y (yttrium) is
included with the heavy rare earth elements because its ionic radius is similar to
that of Ho (holmium), one of the heavy rare earth elements. This gradual
decrease in ionic radius results in sight differences in solubility between the rare
earth elements. The difference is used to separate the individual rare earth
elements during the production of rare earth elements chemicals.



Prices are for pure oxides from a leading rare earth elements chemical producer
in 2009. Pm (prometheum) is not shown because it does not occur in nature and
is not commercially available.

REOQO: rare earth oxide.
USD/kg: United States Dollars per kilogram.



Total estimated global production of the individual rare earth elements as
oxides in metric tons for 2009.

Data from Lynas Corp.: www.lynascorp.com.



http://www.lynascorp.com

Data from IMCOA (Industrial Minerals Co. of Australia) and Lynas Corp.



For each application:

(1) Global consumption of rare earth oxides (REQO) in metric tons per year (tpy)
in that particular application;

(2) The different rare earth elements used in that application along with their
percent (%) share of consumption;

(3) Principal uses in that application area.
Images were found by author on the World Wide Web.
Data from IMCOA (Industrial Minerals Co. of Australia) and Lynas Corp.
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For each application:

(1) Global consumption of rare earth oxides (REQO) in metric tons per year (tpy)
in that particular application;

(2) The different rare earth elements used in that application along with their
percent (%) share of consumption;

(3) Principal uses in that application area.

Images were found by author on the World Wide Web.
Data from IMCOA (Industrial Minerals Co. of Australia) and Lynas Corp.
Fertilizer image was found at:

http://www.gxjsf.com/en/products.asp?id=2&menu=ShowDetail&P 1d=1041.



http://www.gxjsf.com/en/products.asp?id=2&menu=ShowDetail&P_Id=1041

Global production of rare earth elements expressed as total rare earth oxides in
metric tons for 2009. Source of data: USGS Mineral Commodity Summaries
2010.



Graph courtesy of Daniel Cordier, USGS Mineral Commodity Specialist for rare
earth elements.



I have allocated global production by deposit types based on my knowledge of
the geology of producing rare earth elements (REE) mines. tpy: metric tons per
year. REE: rare earth elements. REQ: rare earth oxides.



This is a view of the rare earth elements ore at the Mountain Pass mine,
California, under a microscope. Scale bar for 1 millimeter is shown in the lower
right corner. Labeled minerals are barite (bar) and bastnisite plus calcite (b+cc).
Bastnisite, a rare earth element carbonate, is the mineral from which rare earth
elements are recovered from this mine. Photo courtesy of Bradley Van Gosen,
U.S. Geological Survey.



The two black vertical “stripes” with the light-colored “stripe” between
comprise the uranium-rare earth elements vein at Bokan Mountain, Alaska.
Rock hammer on left for scale. Photo courtesy of Bradley Van Gosen, U.S.
Geological Survey.



Photo on upper left is of a heavy mineral sands mine in Australia. The photo on
the lower right is a close up of the heavy mineral sand with a coin for scale. The
principal minerals recovered from these sands are ilmenite and rutile, which are
sources of titanium. Monazite, a rare earth elements-bearing mineral, occurs in
small quantities in these sands, but is not currently being recovered in Australia.
It is recovered from heavy mineral sands in India.

Image on upper left from:

http://project-geo.org/Spring_05/heavy_minerals/.

Image on lower right from:

http://grandriverironsands.com/index-3.html.



http://project-geo.org/Spring_05/heavy_minerals/
http://grandriverironsands.com/index-3.html

TREQO: total rare earth oxides.
HREE: heavy rare earths (terbium to lutetium).

REE: rare earth elements.

Photo from Tetsuichi Tagaki, Geological Survey of Japan.



Figure by author.



Figure by author.



Figure by author.



China is excluded from these figures because we do not have any reliable data
on Chinese reserves and resources for rare earth elements. The resources for
Russia are those in various deposits at the Lovozero mining complex. We do
not have data for any other rare earth elements deposits in Russia. Reserves for
India include the Chavara mine and other heavy mineral sands operations.
TREQ: total rare earth oxides.



Photo of Mountain Pass, California, open pit mine from Molycorp, Inc. Photo
of headrame on Pea Ridge shaft, Missouri. from Bradley Van Gosen, U.S.
Geological Survey.



Graphic from Molycorp, Inc.



Graphic from : http://www.thefullwiki.org/Dissolved_air_flotation.

Image from:

http://www3.imperial.ac.uk/newsandeventspgerp/imperialcollege/
newssummary/news_23-5-2008-10-37-37newsid=36894.



http://www.thefullwiki.org/Dissolved_air_flotation
http://www3.imperial.ac.uk/newsandeventspggrp/imperialcollege/

Graphics from John Klaehn and Mark Ogden, Department of Energy, Idaho
National Laboratory and John Hyrn, Department of Energy, Argonne National
Laboratory. Photo of Mountain Pass, California processing plant from
Molycorp, Inc.

REE: rare earth elements.



Sources:

Molycorp: A Molycorp, Inc., corporate presentation as of January 2011
accessed June 14, 2011 at :

http://www.slideshare.net/RareEarthsRareMetals/molycorp-corporate-
presentation-jan-2011.

Avalon Rare Metals: Bakker, F., and others, March 13, 2011, Technical report
on the Nechalacho deposit, Thor Lake Project, Northwest Territories, Canada,
prepared by Avalon Rare Metals, Inc., NI 43-101 report.

Quest Rare Minerals: Mclaughlin, M., and others, September 24, 2010,
Preliminary economic assessment on the Strange Lake B Zone, Quebec, by
Wardrop for Quest Rare Minerals, Ltd., NI 43-101 Report.

The USGS cannot verify the accuracy of these operating cost estimates.


http://www.slideshare.net/RareEarthsRareMetals/molycorp-corporate-presentation-jan-2011
http://www.slideshare.net/RareEarthsRareMetals/molycorp-corporate-presentation-jan-2011

Based on reviews of preliminary economic assessments and feasibility studies
for rare earth elements (REE) mining projects.



Estimated capital costs as reported by the companies that are developing or
studying the feasibility of developing these rare earth elements deposits. I have
calculated the capital cost per unit capacity using planned output capacities as
reported by these firms. USD: United Stated Dollar. AUD: Australian Dollar.
CAD: Canadian Dollar. REO: rare earth oxides.



Results of research by author as reported in Long, K.R., Van Gosen, B.S., Foley,
N.K., and Cordier, D., 2010, The principal rare earth elements deposits of the
United States, A summary of domestic deposits and a global perspective: U.S.
Geological Survey Scientific Investigations Report 2010-5220 . The report can
be obtained at: http://pubs.usgs.gov/sir/2010/5220/.



http://pubs.usgs.gov/sir/2010/5220/

See Long, K.R., Van Gosen, B.S., Foley, N.K., and Cordier, D., 2010, The
principal rare earth elements deposits of the United States, A summary of
domestic deposits and a global perspective: U.S. Geological Survey Scientific
Investigations Report 2010-5220 for an analysis of the time required to develop
a new nickel laterite mine outside of the United States as a situation comparable
in complexity to developing a rare earth elements mine outside of the United
States. The report can be obtained at: http://pubs.usgs.gov/sir/2010/5220/.



http://pubs.usgs.gov/sir/2010/5220/

An example of a scenario analysis for future rare earth oxides (REO) supplies as
completed by the author. Here, the projected supply from sources outside of
China is examined. There are many assumptions made to complete this kind of
analysis which must be considered when using these figures. If these
assumptions prove incorrect, the projected scenarios may not be realized.
Figures shown in red have a significant risk of not being realized by the times
indicated due to uncertainties in obtaining governmental approvals, financing,
construction timeframes, and whether, once built, a mine will perform as
planned. Capacity figures (supply) are as reported by the companies that are
developing or studying the feasibility of developing the rare earth elements
deposits shown.



An example of a scenario analysis for future rare earth oxides (REO) supplies as
complete by the author. Here, projected global supplies, including those in
China, are examined along with global demand. There are many assumptions
made to complete this kind of analysis which must be considered when using
these figures. If these assumptions prove incorrect, the projected scenarios may
not be realized. These particular scenarios suggest a realistic chance of a
sufficient surplus in capacity by 2015-2016 to meet projected demand with
significant price competition between producers. The most uncertain figures are
those for projected demand, which are estimated by IMCOA (Industrial
Minerals Co. of Australia). Supply figures (supply) for ROW are as reported by
the companies that are developing or studying the feasibility of developing the
rare earth elements deposits shown in the previous slide. Data for Chinese
supply are based on Chinese production quotas assuming that illegal Chinese
production and exports will not be a factor in 2012 and that production quotas
will be maintained at the 2012 rate.



This, or a similar graph is shown in most investor presentations by Lyans Corp.
The most recent version (5/2011) can be found at:

http://www.lynascorp.com/content/upload/files/Presentations/
Investor_Presentation_May_2011.pdf.



http://www.lynascorp.com/content/upload/files/Presentations/

The Raventhorpe story can be found on Wikipedia:
http://en.wikipedia.org/wiki/Ravensthorpe_Nickel Mine.

Image is from:

http://www.watoday.com.au/business/bhp-sells-ravensthorpe-mine-for-376-

million-20091209-kio7.html.



http://en.wikipedia.org/wiki/Ravensthorpe_Nickel_Mine
http://www.watoday.com.au/business/bhp-sells-ravensthorpe-mine-for-376-million-20091209-kio7.html
http://www.watoday.com.au/business/bhp-sells-ravensthorpe-mine-for-376-million-20091209-kio7.html




Location of principal rare earth elements deposits in the United States. See
Long, K.R., Van Gosen, B.S., Foley, N.K., and Cordier, D., 2010, The principal
rare earth elements deposits of the United States, A summary of domestic
deposits and a global perspective: U.S. Geological Survey Scientific
Investigations Report 2010-5220 for more information on these deposits and
associated resources. The report can be obtained at:
http://pubs.usgs.gov/sir/2010/5220/.



http://pubs.usgs.gov/sir/2010/5220/

Basic sources of information on rare earth elements (REE) at the U.S.
Geological Survey.



This recent USGS publication reviews the geology and resource status of
domestic rare earth elements (REE) deposits in a global context.
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