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Fig.1. Geographical location and map of access roads to the study area
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Fig. 2. The location of the studied area in the micro-structural zone of the central Iranian continent
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LEGEND

Q° :Clay flat Q%

Q=2

: Salty clay flat
: Low hill eolian sand
Q'1 : O1d terraces ( Conglomerate, sandstone, clay )

P Semi-consolidated polygenic Conglomerate
M™ - Gypsiferous marl and sandstone

E* : marl, sandstone and conglomerate containing of plant-remains and gypsum
E* : Grey, violet, pink colour andesitic lavas and breccias P . .
. P ° 1y my : Mylonitized, crushed zone of chapedony fault

pe!

: Alternation of grey-cherty limestone with shale
Pe" : Polygenic conglomerate with volcanic and limestone pebbles (Kerman Conglomerate)
Pc* : Red to violet andesitic volcanics, intercalated with limestone and sandstone

K™ silty shale, sandstone and limestone

£3 : Light granite consisting of Quartz, pink feldspar (Upper Cretaceous)

K™ : shale and marl with intercalation of light green-grey.detritic limestone
K' : Grey, porous, massive.Orbitolina, Lamellibranchiata limestone

K* : Aliernation of red shale and sandstone interealated with detritic limestone
K® : Polygenic conglomerate with sandstone and sandy limestone

d : Diorite, quartz diorite (Upper Triassic) Chamgoo Diorite
d-gn : Diorite gneiss

TR'y : Bedded to Massive limestone (Shotori formation)

m : Monzonite, quartz-monzonite, granodiorite, with pegmatitic veins

P" : Dark colour and well-bedded, fusulinid bearing limeslone

P™ : Light colour marble and dolomite GEOLOGICAL SYMBOLS

Fauli: Type/Condition/Sense Analysis Sampling

1CP-MS (170 Sample)

P, : Conglomerate and sandstone with quarlzite and quartz-diorite pebbles
Major/Certain
PE’, : Schists, quartzile, metasandstone, marble

— Minor/Certain Thin Section (40 Sample)

PC®, ; Serpentinite (dunite, harzburgite)
» PE™, : Amphibolite with intercalations of grey marble

PE™", : Dark colour, biotite-amphibole gneiss, migmatized

Posht-c-Badam Complex

= Major/Inferred

- Minor/Inferred

Major/Inferred/Reverse

Minor/Inferred/Reverse

tn 7 ho

[

XRD (47 Sample)
SEM-EDS (15 Samplc)
Polish Scction (10 Samplc)
Thin-Polish (10 Samplc)

Major/C'crtain/Reverse

PC™,, : Amphibolite

PE™", : Migmatitic augen-gneiss (Metatexite)

PC', : Anatectic granodiorite

8 GEOGRAPHIC SYMBOLS
5 —— Minor/Certain/Reverse . E
i) Y Flevation Points
=i — Major/Certain/Sinistral
g Absolute Age
g —— Major/Ceriain/Dexiral . .
% A i * Fossil locality
5] TR s @  Borchole
— Cicological scction
———  Asphalt road
Syneline P
= i Trail road
N Bedding
" River drainage
X Toliation
] Village
Ej Study Area

Prepared by: M.B. Ahmadkhani
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Fig. 4. Legend of the 1:50000 geological map of the area
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Table 1. ICP-MS analysis results of a number of samples from the studied area (analysis results are in PPM)

ID Ce | Dy Er | Eu | Gd |La| Lu | Nd Pr [Sc| Sm | Tb [Tm | Y | Yb |3JREE+Y| Lithology
99-319-BOC-161] 123 | 183.5 | 140.7 | 6.73 | 54.1 | 54 | 17 | 554 | 13.13| 23 | 23.45| 17.6| 21.1 | 1361 | 127 | 2220.5 |Migmatite-Schist
99-319-BOC-168]| 90 | 191 128 |1 94 | 64.65| 42 [ 13.7] 434 | 9.72 | 19 | 25.79 | 19.9| 19 | 1271 | 102 | 2048.8 Migmatite
99-319-BOC-167| 130 | 146.8 | 107 [9.48|50.84| 64 | 13.1| 62 | 1518 | 18 |25.64| 15 | 17 | 1002 | 96.6 | 1772.7 | Schist-Gneiss
99-319-BOC-223]1658| 112.7 [ 59.53 | 1.69 | 112.3 | 848 | 7.36 | 587.4 | 165.3 [ 8.7 | 133.1 | 17 | 8.24 | 592.7 | 48.8 | 4360.8 Gneiss
99-319-BOC-171] 359 | 108 | 5645| 14 | 8228|172 14.76 | 201 | 43.8 | 12 9495|142 7.3 | 563.8 | 35.5 | 1769.3 | Schist-Gneiss
99-319-BOC-196| 112 | 78.59 | 47.98 | 6.17 | 41.58 | 55 | 5.46 [ 61.9 | 13.59 | 18 | 30.97 | 9.55| 7.19 | 470.3 | 38.7 | 996.5 Schist-Gneiss
99-319-BOC-169| 175 71.62 | 41.46| 9.1 | 4532 | 92 | 5.01 | 104.7 | 24.35 | 35 | 39.09 | 9.55] 6.19 | 395.6 | 34.6 | 1088.4 Migmatite
96-EXP-CI-024 | 132 | 57.92 | 33.77 | 11.5 | 49.38 | 44 | 421 ]| 106.6 | 20.88 | 27 | 39.94 | 8.2 | 4.71 | 345.9 | 30.9 917 Granite-Gneiss
99-319-BOC-225|3149| 104.2 | 34.23 | 4.98 | 197.3 |1554| 2.41 | 1305 | 346.3 | 5.3 [ 260.8 | 21.5]| 3.39 | 336.9| 16 | 7340.8 | Granite-Gneiss
99-319-BOC-160| 133 | 46.92 | 28.45]| 5.04 | 26.65| 72 | 3.42| 549 [ 14.18 | 19 | 19.2 | 5.71]| 425|285.6| 26 744.7 | Migmatite-Schist
96-EXP-CI-022 [1703] 99.97 | 37.13 | 6.82 | 131.5 | 701 | 3.41 | 700.9 | 193.7 | 21 | 188.9 | 17.9 | 4.44| 239.9 | 27.4 | 4077 Granite
97-EXP-CI-069 | 208 | 54.83 | 31.07 | 9.47| 49.91 | 99 | 3.52 ]| 117.1 | 27.92| 24 | 38.99 | 7.78 | 4.37 | 236.4 | 22.7 935 Schist-Gneiss
97-EXP-CI-064 | 875 | 60.17 | 27.22 | 1.26 | 75.31 | 458 | 2.33 | 324.7 | 102.7 | 6.6 | 69.51 | 9.35| 3.2 | 221.2 | 15.8 | 2252 Granite
96-EXP-CI-013 [1876] 41.26 | 18.26 | 1.26 | 70.69 [1021| 1.87 | 564.5| 177.3 | 41 | 85.19 | 7.46 | 2.23 | 187.5| 13.2| 4108 | Granite-Gneiss
98-319-BOC-092] 182 | 40.5 | 22.63|525|27.08| 82 | 1.89[ 87.6 | 21.4 | 15|28.49]3.99|3.25| 180 | 124 714 Granite-Gneiss
99-319-BOC-141|7332| 53.54 | 20.18 | 8.67 | 162.9 [3992| 1.3 | 1974 | 624.5| 25 [ 228.1 | 13 | 1.78 | 160.3 | 10 | 14606.9 Alluvium
97-EXP-CI-112 |7289] 64.97 | 19.88 | 9.53 | 202 |4086| 1.34| 2272 | 745.1 | 24 | 256.6 | 13.9| 1.78 | 136.2| 9.3 15131 Alluvium
97-EXP-CI-088 | 948 | 43.72 | 14.79 | 2.37 | 84.77 | 474 | 1.04 | 420.4 | 116.7 | 14 | 88.25| 8.37 | 1.54| 131.1| 7.5 2357 | Granite-Gneiss
97-EXP-CI-067 [2644| 30.48 | 14.72 | 10.8 | 64.08 [1931| 1.47 | 675 |254.2]| 15| 69.62 | 536 | 1.85] 96.6 | 9.5 5824 Granite
96-EXP-CI-011 | 782 | 21.3 | 9.55 | 0.93 | 33.22 | 449 | 0.94 ] 250.6 | 77.28 | 37 | 39.52 | 3.67 | 1.23 | 93.2 | 6.7 1806 Granite
96-EXP-CI-019 | 811 | 32.59 | 13.05 | 4.16 | 45.96 | 364 | 1.36 | 324.5]93.43 | 19 |1 69.23 | 582 1.69| 88.7 | 10.2| 1884 Granite
96-EXP-CI-021 [4381| 41.24 | 14.93 | 5.47 | 127.7 |2395| 1.69 | 1759 | 537.1| 17 | 297.4 | 9.59| 1.75| 83.8 | 11.6 | 9684 Granite
99-319-BOC-153]| 303 | 19.17 | 8.66 | 1.87 | 25.77 | 149 ] 0.95 [ 132.5 | 33.32 [ 6.6 | 28.9 | 3.43]| 1.09| 81.7 | 5.8 801.8 | Granite-Gneiss
97-EXP-CI-087 | 606 | 27.66 | 8.28 | 1.91] 60.85 | 322 | 0.49 | 275.4 | 75.4 | 1.5]59.65| 5.57 | 0.77| 77.7 | 3.1 1526 Gneiss
99-319-BOC-142]2590| 20.34 | 8.09 | 4.01 | 60.96 [1409| 0.61 | 707.8 | 222.1 | 13 | 82.14 | 5.35]| 0.81 | 66.6 | 44 | 5195.5 Alluvium
99-319-BOC-140|1996| 14.54 | 5.7 | 2.96 | 44.24 [1082| 0.46 | 519.1 | 162.2 | 9.6 | 59.16 | 3.76 | 0.58 | 49.1 | 3.1 | 3952.5 Alluvium
96-EXP-CI-020 | 497 | 9.29 | 6.12 | 1.22 10.81 | 238 | 0.94 ] 119.3 | 46.41 | 21 | 17.31| 1.4 [ 097] 40.3 | 6.4 1017 Granite
96-EXP-CI-027 | 640 | 17.92 | 6.67 | 4.14| 27.35|327 | 0.78 ] 210.5| 65.7 | 31 | 41.34|3.26]0.92| 384 | 5.8 1421 Granite
96-EXP-CI-016 [2125] 10.63 | 4.03 | 8.36 | 31.22 |[1536| 0.51 | 429.9 | 173.1| 3 |37.37|2.24|0.52] 37 | 32 4402 Granite
99-319-BOC-145]1226| 11.35 | 4.81 | 2.79 | 30.68 | 661 | 0.41 | 362.8 | 115.7 | 8.1 [43.33 | 2.7 | 0.51 | 35.2 | 2.5 | 2507.9 Alluvium
99-319-BOC-144| 928 | 9.06 | 3.86 | 2.66 | 24.13 | 526 | 0.32 | 290.9 | 92.44 | 6.9 | 34.69 | 2.17| 0.42 | 31.5 | 2.3 | 1955.4 Alluvium
98-319-BOC-129| 268 | 5.92 | 2.83 | 2.01 | 8.97 | 138 0.28 [ 85.1 [ 27.24[4.6|12.1310.99]| 037 | 21.1 | 14 579 Gneiss
96-EXP-CI-014 | 539 | 6.64 | 3.09 [ 0.71) 11.36 [ 263 | 0.6 | 139.6 | 52.04 | 10 | 19.53 | 1.2 | 0.52| 184 | 3.3 1069 Granite
97-EXP-CI-090 | 315 | 4.33 | 2.12 | 143 8.71 | 208 | 0.21 | 86.7 | 29.86 | 4.6 10.27 | 0.81 | 0.26| 16.5 | 1.2 690 Granite-Gneiss
98-319-BOC-107| 234 | 4.76 | 2.19 | 1.87| 9.04 | 175] 0.2 [ 98.2 | 31.69 [ 6.2 | 12421 093] 0.3 | 159 | 1.2 594 Granite-Gneiss
Detection limit | 0.5 0.0 0.1 0.1 0.1 1.0 | 04 05 0.1 05| 0.0 0.1 0.1 05 0.1
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Fig. 5. 1- Formation of allanite in schist host rock (sample 98-319-BOC-016), 2- Formation of allanite in granite-gneiss host
rock (sample 98-319-BOC-133), 3 and 4- Formation of zircon and allanite in gneiss host rock ( sample 98-319-BOC-088), 5 and
6- formation of apatite and zircon in granite host rock (sample 98-319-BOC-085). All images are XPL.
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Fig. 6. 1- Zircon mineralization in metasomatite granite host rock (sample 97-EXP-CI-041), 2- Allanite mineralization in
granite-gneiss host rock (sample 97-EXP-CI-037), 3- Apatite mineralization in granite-gneiss host rock (sample (97-EXP-CI-
099), 4- albitization in granite host rock (sample 97-EXP-CI-040), 5- sulphide mineralization in gneiss host rock (sample BOC-

034 - 98-319, 6- Hematite and magnetite mineralization in granite host rock (Sample BOC-043-98-319), images 1 to 4 are XPL
thin sections, images 5 and 6 are polished sections.
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Table 2. XRD analysis results of a number of samples from the area

Sample-NO Lithology Minerals
97-EXP-CL048 granite Albite-Quartz-Microcline-Muscovite- Illite
97-EXP-CI-049 Granite-Gneise Albite-Quartz-Orthoclase -Muscovite- Illite
97-EXP-CI-051 Granite-Gneiss Quartz-Albite- Calcite-Muscovite- Illite-Orthoclase Or Sanidine
97-EXP-CI-053 Granite Albite -Quartz-Microcline-Orthoclase -Muscovite- Illite
97-EXP-CI-100 Schist Albite-Quartz-Calcite-Muscovite - Illite-Montmorillonite-Microcline-Hornblende
97-EXP-CI-101 Mica schist Quartz-Muscovite- Illite- Albite-Microcline-Goethite

98-319-CI-024 Schist Hematite-Quartz -Natro jarosite

98-319-CI-027 Granodiorite Quartz -Albite -Muscovite- Illite-Chlorite

08-319-CL.048 Skarn Quartz -Hematite-Calcite-Goethite-Andradite-Epidote
08-319-CLO51 Tron Vein Hematite-Magnesioferrite-Magnetite-Magnesite-Tremolite-Pyrite
98-319-CI-093 Schist Quartz -Albite -Andesine-Tremolite-Biotite -Chlorite-Montmorillonite
98-319-CI-095 Schist Quartz-Albite -Andesine-Chlorite-Phlogopite

98-319-CI-113 Schist Albite -Quartz -Andesine-Halite-Talc-Biotite or Phlogopite
98-319-CI-122 Geniss Quartz -Grossular-Diopside-Montmorillonite (Low)
99-319-CI-147 Alluvium Quartz -Orthoclase-Microicline-Plagioclases-Phlogopite-Diopside-Chlorite

99-319-CI-162

Migmatite-micaschist

Quartz -Plagioclas es-Biotite -Hedenbergite

99-319-CI-174 Migmatite Quartz -Plagioclases-Calcite-Biotite -Diopside-Montmorillonite
99-319-CI-190 Alluvium Quartz -Plagioclases-Orthoclase-Biotite -Calcite-Pyrite-Diopside
99-319-CI-199 Mica Schist Quartz -Plagioclas es-Cordierite-Phlogopite
99-319-CI-221 Geniss Quartz -Plagioclases-Hyalophane-Orthoclas e-Microicline

99-319-CI-243

Gneiss-Micaschist

Quartz -Plagioclases- Bassanite- Gypsum- Phlogopite-Fluor apatite

99-319-CI-281

Gneiss-Amphibolite

Epidote- Calcite- Quartz - Orthoclase Or Sanidine- Fluor apatite- Diopside- Cordierite
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Fig. 7. BSE images of the cross-section prepared from the granite host rock (sample 99-BOC-177), 1 and 2- a picture of
bastnasite mineralization from the main minerals containing rare earth elements, 3- a picture of thorite mineralization, Apatite
and titanite are minerals that carry rare earth elements, 4- a picture of bastnasite mineralization from the main minerals and
albite (sodic metasomatism), 5- a picture of thorite and uranothorite mineralization (containing gold inclusions) from the
mineral carriers of rare earth elements, 6- a picture of the mineralization of bastnasite from the main minerals of rare earth
elements
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Fig. 8. BSE images of a cross-section prepared from gneiss host rock (sample 99-BOC-178), 1 and 2- a picture of bastnasite
mineralization from the main minerals containing rare earth elements, 3- a picture of thorite mineralization from Minerals
carrying rare earth elements, 4- A picture of uranothorite mineralization as an inclusion in biotite from minerals carrying rare
earth elements, 5- A picture of zircon mineralization from minerals carrying rare earth elements that have gold inclusions. 6-
An image of monazite mineralization, one of the main minerals of rare earth elements.
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Fig. 9. BSE image from the cross-section prepared from the granite-gneiss host rock (sample 99-BOC-256), 1- a picture
of titanite and zircon mineralization from minerals carrying rare earth elements of paragenesis with albite (sodic
metasomatism), 2 - An image of the mineralization of thorite, uranothorite and titanite from minerals carrying rare
earth elements, 3- An image of the mineralization of thorite paragenes with albite (sedic metasomatism), 4- An image
of the mineralization of thorite and apatite from minerals carrier of rare earth elements, 5 and 6- a picture of monazite

mineralization from the main minerals of rare earth elements.
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Abstract

Chapdoni-Posht-e-Badam complex is located in the structural zone of Central Iran and in the northeast
of Yazd province. The study area is one of the areas with high potential for mineralization of rare earth
elements. In this research, to investigate the mineralogy and mineralization of rare earth elements, field
studies, mineralogy with transmission-reflection light microscope, electron microscope and X-ray
diffraction method (XRD), chemical analysis by ICP-MS method have been used. After the studies, the
results of studies show the enrichment of rare earth elements in the area. In between, Ce elements with
an average grade of 1353 ppm, La with an average grade of 745 ppm, and Y with an average grade of
252 ppm from 170 analyzed samples have high enrichment and Dy-Sm-Gd-Yb-Er elements show slight
anomalies. Gneiss, granite, granite-gneiss, magmatite and schist are the most important host rocks for
mineralization in the area. These rocks are mainly altered and metamorphosed. The Metasomatization
of the host rock is one of the most obvious evidence of alteration for the enrichment of rare earth
elements. Different types of minerals have been identified in the region, the main minerals of which are
rare earth elements including Bastnasite, Monazite and Allanite. Minerals that can contain trace amounts
of rare earth elements include Thorite, Zircon, Uranothorite, Apatite, Fluoroapatite, and Titanite. Tourite
and Uranothorite minerals, which are parageneses with rare earth element mineralization, can be
considered as tracer minerals of mineralization in the region, and gamma radiometric method can be
used to trace and explore the mineralization zones of rare earth elements.

Keywords: Rare earth elements, Mineralogy, Mineralization, Chapdoni-Posht-e-Badam, Central Iran

Introduction of the areas with high potential for rare earth
Rare earth elements (REEs) include 15 elements.

lanthanides. Yttrium and scandium elements
are also included in this group of elements.
Rare earth elements are divided into two
categories: light (LREE) and heavy (HREE).
The LREE group includes the elements La, Ce,
Pr, Nd, and Sm, and the HREE group includes
the elements Er, Gd, Tb, Dy, Ho, Er, Tm, Yb,
and Lu. Due to the high importance of these
elements, the identification of reserves and
small resources can also be of high value for
the country. In this research, by applying the
knowledge and techniques of geological
discoveries, rare earth elements were studied in
Chapdoni-Pesht Badam complex and useful
results were obtained in this field. The result of
these studies is the introduction of the study
area (Chapdoni-Pesht Badam complex) as one

Chapdoni-Posht-e-Badam complex is located
in the structural zone of Central Iran and in the
northeast of Yazd province. This complex is
one of the most important areas for high
potential of REE mineralization in Central
Iran.

Materials and methods

In order to explore and realize the goals of the
research, various stages of discovery have been
planned and implemented. For this purpose, a
combination of technical-office studies and
field geology has been used. After finding the
potential and identifying the areas with
anomalies, sampling has been done and
required laboratory studies have been carried
out. In this research, various study and analysis
methods, such as ICP-MS, XRD, Heavy
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Mineral, Thin Section, Polish Section, Thin-
Polish, SEM-EDS, have been used to
investigate the mineralogy and enrichment of
rare earth elements. FE-SEM-EDS electron
microscope was used for detailed mineralogy
of rare earth element minerals and
determination of paragenetic relationships.

Discussion

Mineralization in the studied area is very
diverse, one of the most important of which is
rare earth elements (REE), and the mineralogy
and mineralization of these elements is one of
the main goals of this research. Based on the
studies and exploration carried out in the
region, productive and sterile rock units in
terms of rare earth element mineralization have
been identified and separated, and gneiss,
granite, granite-gneiss, migmatite and schist
rock units are among the most important host
rocks for rare earth elements. The preliminary
results of the studies show the enrichment and
mineralization of rare earth elements in the
area. Light rare earth elements (LREE) are
more enriched than heavy rare earth elements
(HREE) in the area. Among the light rare earth
elements (Sm-Nd-Pr-La-Ce), cerium (Ce) and
lanthanum (La) have the highest enrichment.
Among heavy rare elements (Dy-Y-Gd-Yb-
Er), yttrium (Y) shows relative enrichment
compared to other elements of this group.

Mineralogy by XRD method

XRD mineralogy was one of the methods used
in this research. In this context, 47 samples
have been prepared for analysis by XRD
method. The samples are mainly prepared from
the host rock units which have enrichment of
rare earth elements. Different types of minerals
have been identified, and Apatite and
Fluoroapatite are among the most important
minerals carrying rare earth elements.

Microscopic studies of transmitted and
reflected light (Thin-Polish, Thin Section,
Polish Section)

Simultaneously with the progress of various
stages of research and geological studies of the
area, sampling for mineralogical studies has
been done with a polarized microscope. The
samples are mainly prepared from the host
rocks enriched with rare earth elements (40
thin section samples, 10 polished- thin section
samples and 10 polished section samples).
Various types of metallic and non-metallic

minerals have been identified, among which
the most important and abundant minerals in
the host rocks are Allanite, Quartz, Albite,
Orthose, Biotite, Sericite,  Phlogopite,
Hornblende, Apatite, Zircon, Barite, Titanite,
Rutile, Anatase, Nigrine, Leucoxene, Calcite,
Tremolite, Garnet, Pyroxene, Amphibole,
Epidote, Chlorite, [lmenite, Pyrite, Limonite,
Magnetite, Monazite, Goethite, Hematite and
various clay minerals. Among these minerals,
Allanite, Zircon, Monazite, Apatite and
Titanite have been recognized as minerals
carrying rare earth elements.

Heavy mineral studies

The results of the study of stone mineral
samples in the studied area are:

1- In the non-magnetic phase or phase: NM,
minerals of Zircon, Barite, Apatite, Sphene,
Quartz, Feldspar, Rutile, Anatase, Nigrin,
Leucoxene and Calcite have been observed
with low frequency and few particles
(Particles-PTS).

2- In the medium magnetic phase (AV):
minerals Garnet, Pyroxene, Amphibole,
Epidote, Ilmenite, oxidized Pyrite, Limonite
and Biotite with low abundance and few
particles (Particles-PTS) have been observed.
3- In the intense magnetic phase (AA):
Magnetite mineral has been observed in the
area

Mineralogical studies using electron
microscopy (FE-SEM-EDS)

The last stage of the method used to identify
minerals bearing rare earth elements (REE) in
the study area is the use of electron microscopy
(FE-SEM-EDS). Bastnasite, Monazite,
Tourite, Uranotourite, Zircon, Apatite,
Fluoroapatite, Titanite, Albite, Phlogopite,
Hematite, Biotite, Ilmenite, Orthose, Epidote,
Fluorite, Barite, Chlorite, Illite, Ankrite,
Calcite, Rutile, Muscovite, Plagioclase and
Chalcopyrite have been identified. Among
them, Bastnasite, Monazite, Thorite,
Uranothorite, Zircon, Apatite, Fluoroapatite,
and Titanite are minerals that carry rare earth
elements. Cerium (Ce) and Lanthanum (La) are
among the most important rare earth elements
(REE) identified.

Conclusion

In this research, various study and analysis
methods, such as ICP-MS, XRD, Heavy
Mineral, Thin Section, Polish Section, Thin-
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Polish, SEM-EDS, have been used to
investigate the mineralogy and enrichment of
rare earth elements. After the investigations,
the results of the studies show the enrichment
of rare earth elements in the area. Light rare
earth elements (LREE) are more enriched than
heavy rare earth elements (HREE) in the
region. Meanwhile, Ce elements with an
average grade of 1353 ppm, La with an average
grade of 745 ppm, and Y with an average grade
of 252 ppm are highly enriched, and Dy-Sm-
Gd-Yb-Er elements show slight anomalies.
Gneiss, Granite, Granite-Gneiss, Migmatite
and Schist are the most important host rocks for
the mineralization of rare earth elements in the
area. These rocks are mainly metamorphosed.
The sodic metasomatization (albitization) of
the host rock is one of the most obvious
evidences of alteration for the enrichment of
rare earth elements. Different types of minerals
have been identified in the area, the main
minerals of rare earth elements include
Bastnasite, Monazite and Allanite. Minerals
that can contain amounts of rare earth elements
include Thorite, Zircon, Uranothorite, Apatite,

Fluoroapatite and  Titanite. = Hematite,
Magnetite, Pyrite, Pyrrhotite and Gold
inclusions are among the most important metal
minerals in the area, and Apatite, Biotite,
Ilmenite, Albite, Phlogopite, Orthose, Fluorite,
Rutile, Muscovite, Quartz, Sericite,
Hornblende, Anatase, Nigrin, Leucoxene,
Garnet, Pyroxene, Amphibole and various clay
minerals are identified in the area. Minerals
containing thorium, including Thorite and
Uranothorite (with gamma radioactivity),
which are parageneses with the mineralization
of rare earth elements, can be considered as
tracer minerals of mineralization in the area,
and the gamma radiometric method can be
used to find and explore mineralization zones
of rare earth elements.
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