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Rare Earth Elements (REESs) include a wide range of technological applications due to their unique
catalytic, magnetic, and optical properties. The environmental pollution of REEs has increased
significantly as a result of their widespread use. Gadolinite, xenotime, samarskite, euxenite,
fergusonite, itrotantalite, itrotungstite, and itrialite are minerals that mainly contain yttrium and
HREEs. Bastnasite, monazite, allanite, luparite, ansilite, parasite, lanthanite, schwinite, cerite,
stylolite, britolite, fluosite, and cerianite are minerals that mainly contain LREE. However,
commercial mines around the world mainly extract bastnasite, monazite, and xenotime. This
research aims to evaluate the concentration of rare earth elements in the Songun copper mine and
their economic and environmental potential. For this purpose, microscopic studies and chemical
analyses were performed on the collected samples. Apatite, zircon, carbonate minerals, clay
minerals, rutile, sphene, sericite, sausorite, opaque minerals, epidote, limonite, and mullite are
among the minerals that have the potential to host rare earth elements in the intrusive mass of
Songun copper mine. The average amount of cerium (79 ppm), europium (1.41 ppm), lanthanum
(38 ppm), neodymium (29 ppm), and praseodymium (8.47 ppm) in the intrusive mass rocks of
Songun copper mine have increased compared to the average amount of crustal rocks. Also, the
average amount of dysprosium (2.05 ppm), erbium (1.01 ppm), gadolinium (3.28 ppm), scandium
(5.7 ppm), samarium (3.87 ppm), terbium (0.4 ppm), yttrium (7.3 ppm), and ytterbium (0.6 ppm)
have decreased compared to Clark’s value. REEs include the following important groups based on
the cluster analysis diagram: yttrium, ytterbium, erbium, scandium, and terbium; gadolinium,
samarium, and dysprosium; neodymium and praseodymium; cerium and lanthanum.
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Extended Summary

Introduction

Rare earth elements are generally divided into light rare earth elements (LREES) and heavy rare earth elements (HREES).
HREEs are much less abundant and therefore much more valuable. The proportions of these groups are not distinct, but
generally, lanthanum to gadolinium is called LREEs, while terbium to lutetium are called HREES. Rare earth elements
include a huge set of technological applications due to their unique catalytic, magnetic, and optical properties. The
consumption of rare earth elements is vital for clean energy applications and for the successful transformation of
traditional industrial economies into modern green economies. Recently, the environmental pollution of rare earth
elements has increased dramatically due to the wide application of these elements as microelement fertilizers in
agricultural production and industry. Songun porphyry copper mine is a part of the Alpine-Himalayan orogenic-
metallogenic belt, which extends from the east of Serbia, Bulgaria, Turkey, and Iran to Afghanistan and Pakistan, and
corresponds to the porphyry copper belt of the world.

Materials and Methods

Library studies, field observations, and random sampling were carried out from the area and extraction stairs of mine. 40
samples were taken. The rock composition of most samples was granodiorite. Quartz, monzonite, and granite were present
in limited quantities among the samples. The studied samples have undergone potassic, sericite, siliceous, clay, and
propylitic alterations. Thin and polished sections were prepared at "Grona" company in Tehran, and they were studied in
the university laboratory with polarized light microscopes. The appropriately prepared samples were chemically analyzed
in the "Zarazma" company laboratory. Using software such as SPSS for processing, statistical interpretation, and analysis
of geochemical data, drawing the necessary graphs, and many univariate and multivariate calculations on the database,
including linear correlation, cluster analysis, and factor analysis, were among the actions of the next steps based on which
the research results were obtained.

Discussion

REE minerals include: gadolinite, xenotime, samarskite, euxenite, fergusonite, itrotantalite, itrotangsite, itrialite,
bastnasite, monazite, allanite, luparite, ansilite, lanthanite, schwinite, cerite, stylolite, britolite, fluesite, serianite,
fluorapatite, odialite. , parisite, sinkisite, kainosite, mosandrite, branrite, talnite and aimorite. However, commercial mines
are mainly bastnasite, monazite, and xenotime.

Radioactivity is a common feature of REE mineralization due to the presence of thorium-uranium-containing minerals in
alkaline complexes and carbonatites.

Apatite, zircon, carbonate minerals, clay minerals, rutile, sphene, sericite, sausorite, opaque minerals, epidote, limonite,
and mullite are among the minerals that have the potential to host rare earth elements in the intrusive mass of Songun
copper mine.

The average amount of cerium (79 ppm), europium (1.41 ppm), lanthanum (38 ppm), neodymium (29 ppm), and
praseodymium (8.47 ppm) in the intrusive mass rocks of the Songun copper mine have increased compared to the average
amount of crustal rocks. Also, the average amount of dysprosium (2.05 ppm), erbium (1.01 ppm), gadolinium (3.28 ppm),
scandium (5.7 ppm), samarium (3.87 ppm), terbium (0.4 ppm), yttrium (7.3 ppm), and ytterbium (0.6 ppm) have decreased
compared to Clark's value.

The average total amount of rare earth elements is 13.85 ppm. If we consider the total definite reserve of the Songun
copper mine to be 1 billion tons, the potential reserve of rare earth elements in the Songun copper mine is 13,850 tons.
The elements lanthanum, cerium, praseodymium, neodymium, europium, and gadolinium, as well as the elements
terbium, dysprosium, yttrium, erbium, scandium, samarium, and ytterbium, have a positive correlation coefficient with
each other. Rare earth elements include the following two general clusters in the cluster diagram: The first cluster: yttrium,
ytterbium, erbium, scandium, terbium, gadolinium, samarium, and dysprosium, which often have common geochemical
characteristics. The second cluster is composed of neodymium, praseodymium, cerium, lanthanum, and europium, in
which geochemical features close to each other have put them together.

Conclusions

Rare earth elements include a huge set of technological applications due to their unique catalytic, magnetic, and optical
properties. Recently, the environmental pollution of rare earth elements has increased dramatically due to the wide
application of these elements as microelement fertilizers in agricultural production and industry. Apatite, zircon, carbonate
minerals, clay minerals, rutile, sphene, sericite, sausorite, opaque minerals, epidote, limonite, and mullite are among the
minerals that have the potential to host rare earth elements in the intrusive mass of Songun copper mine. The average
amount of cerium, europium, lanthanum, neodymium, and praseodymium elements in the intrusive mass rocks of the
Songun copper mine is increased compared to the average amount of crustal rocks. Also, the average amount of
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dysprosium, erbium, gadolinium, scandium, samarium, terbium, yttrium, and ytterbium elements are reduced compared
to Clark's value. REEs include the following important groups based on the cluster analysis diagram: Yttrium, Ytterbium,
Erbium, Scandium, and Terbium; Gadolinium, Samarium, and Dysprosium; Neodymium and Praseodymium; Cerium
and Lanthanum.
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