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1.Bayan Obo, China; 2.Mountain Pass, USA; 3.Lovozero (loparite ore),
Russia; 4.Bear Lodge, USA; 5.Mount Weld, Australia; 6.Kukisvumchorr,
Russia; 7.Steenkampskraal, South Africa; 8.Hoidas Lake, Canada;
9.Nolans, Australia; 10.Thor Lake (upper ore zone), Canada;
11.Maoniuping, China; 12.Tomtor, Russia; 13.Dubbo, Australia; 14.Thor
Lake (lower ore zone). Canada; 15Benjamin River, Canada;
16.Lovozero (eudialyte ore), Russia; 17.Vergenoeg (apatite-magnetite
ore), South Africa; 18 Kutessay II, Kyrgyzstan; 19.Lemhi Pass, USA;
20.Kichera, Russia; 21.Brockman, Australia; 22.Vergenoeg (fluorite ore);
23.Abramovka (kimuraite-lanthanite ore), Russia; 24.Deep Sands, USA;
25.Placers of Malaysia; 26.Northwestern Pacific Ocean; 27.Russia;
28.Huashan; 29.Guposhan; 30.Heling; 31.Longnan,  China;
32.Tenyakovo, Russia; 33.Dolna Ves, Slovakia; 34.Abramovka, Russia;
35.Zhijin, China; 36.Aduun Chuluun, Mongolia; 37.Rakovskoe, 38.Pav
Lovskoe; 39.Vanchinskoe, Russia; 40.Douglas River (xenotime ore),
Canada
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Abstract: The studied area in this research is the Esfordi phosphate mine in the Bafq metallogenic
state, which apatite, magnetite and hematite are its main mineralization. As one of the high phosphorus
iron — apatite mine in the region, this mine contains significant mineralization of rare earth elements with a
maximum and average grade of 1.7% and 0.5% (as monazite, zircon and allanite minerals in apatite), and
has LREE enrichment and Eu negative anomaly. In order to primary assessment of REEs concentration
status in study area, the outlook coefficient of REEs (K_ ), which is based on the classification of REEs
by the level of industry demand, was used. This coefficient is the ratio of the amount of critical REEs
(Dy, Tb, Nd, Y, Er and Eu) to the amount of surplus REEs (Ce, Ho, Tm, Yb and Lu), which can be used
to investigate mineralization of different types in newly discovered deposits and active mines. The results
indicate the highest outlook coefficient (K =0.67) for microgranite to rhyolite with amphibole unit, and
also promising average outlook coefficient of 0.53. The Esfordi mine despite the lower grade, it is closer to
the ideal composition compared to China's Bayan Obo mine (K =0.2). Thus, can portend a bright future
for REEs in this mine, if focus on exploration of these elements and further geochemical and mineralogical
investigations are carried out.

Keywords: Rare Earth Elements (REEs), Outlook coefficient of REEs (K_ ), Esfordi mine, Bafq
metallogenic state.
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INTRODUCTION

Consumption of rare earth elements is increasing alongside with the growth of technology so they are
considered as strategic metals of the present age and in this way, the huge profitability of this industry will
be effective, too. In Iran, mineralization of rare earth elements is found in various geological environments,
among which the iron-apatite type in Central Iran, has been introduced as a type with high potential based on
several main factors including the type of mineralization, the amount of production support, the volume and
capacity of mining operations, the amount of dump volume and the capacity of processing operations [1].

Due to the high costs and risk of exploration of rare earth elements, in many areas with potential, the
enough attention is not paid to the exploration of these elements and this leads to the neglect of valuable and
strategic resources. Therefore, it is very useful to use a method that can provide an overview of the relative
status of the concentration and the content composition of REEs in the study area in the early stages with a
small amount of data. In this regard, the “Outlook coefficient of Rare Earth Elements” method [2], which
classifies these elements based on industry demand, market situation, composition and type of available
REEs can be useful.

Esfordi phosphate mine, as one of the most important iron and apatite mineralization in Bafq region as
well as in Iran, has a high and significant potential of rare earth elements [3-5]. In this research, in addition
to field, statistical, geochemical and microscopic studies, the Outlook coefficient of Rare Earth Elements is
calculated using surface samples taken from the Esfordi mine area and compared with known mines.

METHODOLOGY AND APPROACH

In order to evaluate the concentration of REEs in all parts of the studied mine, 40 samples were taken
from all identified units (ore and other rocks in the area) and analyzed by the approach of studying REEs
by ICP-MS. With the aim of understanding the status and general trend of grade distribution, statistical
and geochemical studies were performed on the data and in the next step, to evaluate and recognize the
economic value and prospects of REEs mineralization and preliminary evaluation of the concentration of
these elements in Esfordi mine, the outlook coefficient of Rare Earth Elements method was used.

According to the current market trends and forecasts of supply and demand for the use of rare earth
elements, these elements can be classified into three groups: critical, excess and uncritical [2,6,7]. Based on
this, it is clear that the demand for Dy, Tb, Nd, Y, Er and Eu exceeds its production and these 6 elements can
be considered as critical or potentially critical rare earth elements [2,6-9]. Indeed, this probable crisis can
be caused because of inappropriate supply and imbalance of supply and demand. In contrast, the elements
Ce, Ho, Tm, Yb and Lu have production (supply) several times more than industry consumption (demand),
which are classified in the group of excess elements. Other rare earth elements including La, Pr, Sm and Gd
are considered as uncritical elements due to their relative balance between supply and demand [2,6,7,9].

Based on the mentioned points and considering the current market trends and forecasts, ore with rare
earth elements should have the ideal combination of the maximum possible critical REEs and the lowest
possible excess REEs. Therefore, the ratio of critical REEs in total of all rare earth elements to the amount
of excess REESs in total of all rare earth elements can be used as an indicator for initial estimation of mineral
quality and relatively simple and fast initial grading of each type of REEs deposit which is defined as
REEs outlook coefficient with relation 1. The higher the coefficient, the more promising the REEs ore is
compared to the industrial potential value [2,6,7,10,11].

Nd +Eu+Tb+DY+Er+Y

K= ~REE (1)
outl Ce+Ho+Tm+Yb+Lu

X REE

In order to classify the outlook coefficients and to provide a comparative evaluation of the composition
of REEs deposits related to different genetic types, a graph is used in which the percentage of critical
elements in the total REEs (REEdef) is on the Y axis and the outlook coefficient (Koutl) is on the X axis
(Figure 1). On this chart, deposits and mines with different genetic types of the world are classified into
three communities: non-promising (1), promising (II) and very promising (III) [2].
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FINDINGS AND CONCLUSIONS

In order to obtain information about the status and general trend of data distribution, univariate statistical
studies were performed on the data and the outlook coefficient was calculated based on Equation 1. For
a more comprehensive study and to avoid focusing only on high-grade samples, the calculated values of
the outlook coefficient besides the concentration of ) REEs were averaged (Table 1). The study of outlook
coefficient and adoption with geological and mineral units shows that the highest prospect (with average
prospect coefficient of 0.67) is related to microgranite to rhyolite with amphibole (metasomatic zone) units
(MGR-RHY-AMP) which is adjacent to the zone containing iron and apatite which is mainly located in
the northern margin of the pit. After that, the iron-apatite (IRO-APA), hematite and apatite (HEM-APA),
apatite-iron (APA-IRO) and altered zone (ALT-MGR-RHY) zones are in a suitable situation with a small
difference. The average outlook coefficient for the Esfordi mine for all samples taken from different parts
of the mine is 0.53, in the promising range (according to Figure 1), which despite the lower concentration
and reserves than Bayan Obo, the large and well-known mine of China (Koutl = 0.2), due to having more
critical element content, has a closer composition to the ideal state, which confirms a suitable and promising
prospect for this mine.

Table 1. Units containing REEs along with the average concentration of ) REEs and their average outlook

coefficients
Geological units Average Y REEs (ppm) Average outlook coefficients
(MGR - RHY - AMP) 6993.56 0.67
(IRO - APA) 8199.85 0.53
(HEM - APA) 2895.23 0.52
(APA -1RO) 8635.92 0.50
(ALT-MGR-RHY) 1188.35 0.43

REEg, %
100

m

® ALT-MGR-RHY
S0

®APA-IRO

e HEM-APA
©IRO-APA

AMGR-RHY-AMP

o n ),
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Figure 1. Classification of rare earth elements of Esfordi mine based on REEs outlook coefficient

According to studies, the important point is that in addition to the high potential of REEs as a by-product
in the apatite and iron bearing units in the Esfordi mine due to the presence of monazite and zircon minerals,
also the pit margin units (especially microgranite to rhyolite with amphibole) based on having allanite
minerals, have a very high and significant potential. Thus, detailed studies with more sampling volume in
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this mine due to the existence of tailings dump, remaining a significant part of the reserve, small expansion
pit and the ability of considering a new design for the pit and production planning with the approach of rare
earth elements, can provide a good prospect for this mine as a promising economically exploitable reserve.
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