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RARE EARTH ELEMENTS

Overview

The name rare earth element is somewhat
misleading, as they are neither rare nor from
earth. Rare earth elements (REE) are relatively
abundant in the earth’s crust, however,

are relatively evenly dispersed in the crust
and rarely form concentrated ores. Rare
earth elements are produced by supernova
nucleosynthesis or by the s-processin
asymptotic giant branch stars. Rare earths
can be divided into light rare earth elements
(LREE) which include La, Ce, Pr,Nd and Sm,
and heavy rare earth elements (HREE) which
include Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu plus Y.

World resources of LREE are hosted primarily
in carbonatites, with the REE contained in
bastndsite and monazite. Bastnasite deposits
in China and the United States constitute

the largest fraction of the world's rare earth
economic resources. Monazite deposits

in Australia, Brazil, Ching, India, Malaysia,
South Africa, Sri Lanka, Thailand and the
United States constitute the second largest
segment. The latter are found in paleoplacer
and recent placer deposits, sedimentary
deposits, veins, pegmatites, carbonatites, and
alkaline complexes. Alkali igneous intrusions
in the Lovozero and Khibina Massifs in Russia
are also highly enriched in REE, Nb and Ta.

A large portion of HREE is found in xenotime
and monazite which occur in a wide variety
of geologic environments. These include
alkaline granites, hydrothermal deposits,
laterites, placers, and veintype deposits. A
significant portion of HREE is associated with
weathered clay deposits, yttrium-bearing

minerals in apatite-magnetite-bearing rocks,
deposits of niobium-tantalum minerals,
non-placer monazite-bearing deposits,
sedimentary phosphate deposits, eudialyte-
bearing deposits and some uranium ores,
Undiscovered REE resources are thought

o be very large relative to the expected
demand. Rare earth elements are ranked as
the highest mineral raw materials of critical
concern, given uncertain future supplies
and their importance to advanced industrial
economies®?,

The demand for rare earth elements has
increased substantially owing to their
unigue physical, chemical and light-emitting
properties. They are exploited in a range of
new technologies along with elements such
as Y, Nb, Ta, Zr, Hf and Sc with which they are
intimately associated in many deposits. Nd,
Dy, Eu, Tband Y are now considered “critical”
rare earths in terms of their importance to the
clean energy economy and the risk of supply
disruption.

Techniques for Rare Earth Exploration
For many years chondrite normalised plots
of the REE have been used in petrogenesis
(Figure.1). A europium anomaly is generally
anindication that a rock or the parent

from which it was derived has fractionated
plagioclase or a mineral into which Eu has
partitioned. During magma crystallization

in a reducing environment divalent Eu2+
preferentially incorporates into plagioclase
substituting for Ca%*, A plagioclase cumulate
will have a positive Eu anomaly whereas the
residual magma, from which it fractionated,
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a negative anomaly. Large positive Eu
anomalies occur in the most felsic rocks which
also have a high Ba content and are severely
depleted in HREE. A negative Eu anomaly is

a signature of post-Archean sediments* In
addition to europium, one can observe cerium
in two different states: soluble Ce®* can

be oxidised by atmospheric oxygen to less
soluble Ce**. The presence of a Ce anomaly
can be used to determine redox conditions

in marine sediments like carbonates and
phosphates®.
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Figure 1. a) REE Chondrite plots of various rocks; b)
chondrite plot of Pb-Zn ore with positive Eu anomaly,
which is associated with Pb-Zn sulphides, New
Brunswick, Canada (Graf® et al, 1977); ¢) chondrite

of Cu-Zn of footwall with negative Eu anomaly with
enriched heavy REE (“birdwing profile”) in rocks
below the ore (Schade et al, 1989)’.
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Most of REE deposits are restricted to areas
underlain by Precambrian rocks, which have
recognizable features and can be identified
by aerial photography. However, this approach
may not be suitable for complexes, which
occur in clusters (Mt Weld, Australia) or linear
belts (Araxa-Cataldo, Brazil). Owing to the
presence of U and Thin REE deposits, surface
or airborne radiometric surveying can be used
quite successfully. Placer deposits however,
produce weak radiometric signatures so due
care must be exercised. Geophysical methods
can be used for buried mineralisation, but the
effectiveness depends on the anomalous
density as well as the magnetic susceptibility
of the deposit and the associated rocks.
Geochemical surveys using stream sediments,
water and soil are used widely to identify REE
host rocks. Biogeochemistry can be useful

in identifying REE deposits below cover.
Trenching and pitting by heavy equipment
may also be useful for poorly exposed
deposits.

Methods of Analysis

Whether you are using REE as indicators or
exploring for REE deposits using soil, rock
chips or drill core you need to choose an
appropriate analytical method. There are
numerous considerations that need

to be taken into account when selecting
the appropriate methodology for your
samples. The HREE, Y, Zr, Hf, Nb and Ta are
commonly hosted by refractory minerals
that may not be completely digested by an
acid digestion. For these samples, fusion
using sodium peroxide of lithium borate
fluxes provide a total dissolution of all rare
earth containing minerals. Figure 2 shows
the chondrite normalized plot for CRM's
with good correlation between four-acid
and fusion method whereas Figure 3 shows
those certified reference materials where the
recovery in the four-acid method is lower than
the fusion. If lower detection limit analysis is
required, Intertek can explore whether your
samples are suitable for multi acid digestion.

Instrumentation selection is also important
for the quantification of rare earth elements.
|CP-OES and ICP-MS can be used for the
quantification after the appropriate digestion
technique but special consideration needs
1o be taken into account to remove the
associated interferences, especially on ICP-
MS where there are numerous overlapping
isotopes of rare earth elements with the
same mass to charge ratio. Intertek offers

an ICP-MS-00Q0 package allowing for the
interference free quantification of your
samples. Intertek can also offer an XRF
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Figure 2: Chondrite normalised plot for certified reference materials with similar recoveries in four-

acid and fusion techniques.
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Figure 3: Chondrite normalised plot for certified reference materials with lower recoveries from the

four acid method when compared with the fusion methods.

analysis for your rare earth concentrate
samples with ICP-MS-QQQ to quantify the
impurities.
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