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This paper considers the market 

trends of the rare earths and how 

they are strongly influenced by the 

by-product/co-product nature of 

their mining and processing. The 

two main economic minerals for 

the rare earths are bastnasite and 

monazite. Monazite is primarily a 

by-product of mining ilmenite and 

rutile and is affected by changes in 

these markets as well as the pres

ence of thorium. Bastnasite is a by

product of mining iron ore in Chi

na and a stand-alone product in the 

USA. The paper will use concep

tional relationships and empirical 

data to delineate the various by

products/co-products relationships 

and how they determine observed 

market behavior. 
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Rare earths is the common name given to 

a collection of chemically similar metals 

that are neither "rare" nor "earths". Rare 

earths are important material inputs into 

the petroleum cracking, iron & steel, 

lighter flint, permanent magnet, and ce

ramic & glass industries. Increasingly, 

rare earths are being used in new and de

veloping "high tech" applications as 

well. The rare earths formally consist of 

the lanthanide series: lanthanum, cerium, 

praseodymium, neodymium, prome

thium, samarium, europium, gadolinium, 

terbium, dysprosium, holmium, erbium, 

thulium, ytterbium, and lutetium plus the 

closely associated elements of yttrium 

and scandium. As commercial products, 

the rare earths consist of the lanthanide 

series (minus promethium which does 

not exist naturally in a stable isotope), yt

trium, and thorium (always associated in 

the commercial phosphate ore - mona

zite). Scandium is not mined, processed, 

or used with the other rare earths com

mercially. 

The chemical similarities of the rare 

earths make them unique. Geological 

conditions that concentrate one of the el

ements will concentrate the others as 

well so there are no ore sources for indi

vidual rare earth elements; they are al

ways found together. However, geologi

cal processes have tended to concentrate 

the light rare earths (the first seven lan

thanides) differently than the heavy rare 

earths (the last seven lanthanides plus yt

trium) plus there are substantial varia

tions in crustal abundance of each indi

vidual element. The rare earths' chemical 

similarities makes element separation 

difficult and expensive. The advantage of 

this similarity is that the substitution of 

one rare earth for another in a use is often 

posssible. It is also possible in some ap

plications to use lower-grade mixtures of 

elements (even original ore percentage) 

in place of higher purity compounds. 

Historically, most rare earth usage and 

value has been in lower-grade mixtures 

and compounds, avoiding the difficult 

separation process. This is changing with 

the growing need for high purity com

pounds in high tech applications. The 

importance of lower-value rare earth 

products and the relatively low concen

tration of lanthanides in minerals have 

made by-product sources of rare earths 

the major commercial source (with one 

very important exception). Rare earths 

are by-products associated with heavy 

sand sources of titanium and zirconi

um, placer mining of tin in southeast 

Asia, and iron mining in China. There 

is one large principal mine of rare 

earths in California. 

The net result of these chemical and 

geological conditions economically is a 

tangled web of commercial relationships 

among the rare earths and the other prod

ucts associated with- their mining and 

processing. Conceptionally, mineral pro

duction relationships can be broken into 

three economic behavioral categories: 

main product, co-product, and by-prod

uct. The simplest case is main product 

production. There is only one product 

considered to have any substantial im

pact on the output level decision. There

fore, there is no need to consider relation

ships with other products in the decision

making process. This is the category for 

the rare earth mine in California. A more 

complex case is the co-product situation. 

Here, two or more products are jointly 

considered in determining the appropri

ate production levels. This is an impor

tant economic category for rare earth 

processing and separation. A by-product 

is a material that is recovered as a sec

ondary product associated with the pri

mary economic products and has little 

or no influence on the primary output 

level. This is a common situation for 

the mining of rare earths minerals. The 

purpose of this paper is to organize and 

analyze these mining and processing 

relationships of the rare earths based on 

these categories in order to gain useful 

insights into the economic behavior of 

the rare earths industry and market. Of 

particular interest is the impact of the 

current economic change-over from 
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eral producer is readily willing to change 
its output in response to demand changes 
for its product without requiring much of 
a price change. This appears to be the 
case for Molycorp. A regression model 
using annual bastnasite output from the 
rnine for the last thirty years shows that, 
indeed, more than 70 per cent of the vari
ations in annual bastnasite production 
can be explained by annual US consump
tion (a proxy for demand changes if sup
ply is relatively stable) of rare earths.4

Observed real prices for bastnasite con
centrate had little impact, statistically, on 
production or consumption which is con
sistent with a producer with excess ca
pacity. 

The other mining sources of rare earths 
are as by-products to existing mining op
erations. The market behavior exhibited 
by any by-product depends to a large ex
tent on the interaction of three factors: 
the costs that must be met in order for by
product production to be feasible, the 
limiting factors on short-run and long
run supply availability of the by-product, 
and the demand for the by-product. The 
interaction of these three factors for indi
vidual by-products vary greatly and re
quires that each case be considered sepa
rately. 

There are two factors that need to be 
considered in determining the costs that 
must be met by a by-product price in or
der for production to occur. Is it neces
sary (technically or economically) to sep
arate the by-product from the primary 
product(s) before the primary product(s) 
are marketable? If it is, the separation 
costs do not have to be covered by the by
product price because the separation is a 
necessary cost of doing business in the 
primary product industry. If it is not, the 
separation costs must be covered in the 
by-product price since a joint product can 
be sold instead. Any additional process
ing of the by-product needed after sepa
ration to have a marketable product must 
be covered by the by-product price. 

The potential supply of a by-product at 
a given time is dependent on the actual 
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production levels of the primary pro
duct(s). This full potential is seldom real
ized in the short-run because the mining 
and processing techniques are estab
lished to maximize the efficient recovery 
of the primary product(s) and not neces
sarily that of the by-products. Existing 
processing capacity for the by-product is 
often limited by past demand as well. 
Subsequently, there may be no apparent 
link between primary production levels 
and by-product production levels if by
product output is significantly below the
oretical potential. If by-product output 
levels are closer to potential levels, a link 
will be more observable. 

The demand for a by-product also 
plays a vital role in dictating observed 
market behavior. It is the interaction of 
supply and demand that determines the 
market price for a by-product, and the 

market price in conjunction with required 
processing costs establishes what types 
of by-product production are economi
cally viable. In the long-run, the strength 
or weakness of the market demand rela
tive to supply as reflected in the market 
price determines the future availability of 
the by-product. A strong demand will 
lead to an increased use of the potential 
supply of the by-product through capaci
ty increases, more efficient processing, 
and new sources while a weak demand 
will bring about capacity decreases and 
less efficient recovery. 

This economic model of a by-product 
metal market offers three possible refer
ence cases for observed market behavior 
(see Figure 1). Case A is when demand is 
less than the available short-run, full-ca
pacity by-product supply. There can be 
substantial changes in the by-product 

Figure 1. By-product reference cases 
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