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Abstract: As an important strategic mineral
resource of the country, rare earth plays a
key role in various fields such as national
defense industry, electronics industry,
medical treatment, metallurgy, machinery,
petroleum, chemical industry, agriculture
and animal husbandry. As a country with
rare earth resources, the main types of ore
deposits in China are magmatic type,
pegmatite type, gas-derived hydrothermal
type, sedimentary rock type, placer type
and weathered crust type. As a newly
discovered type of deposit, Permian rare
earth deposits in northwest Guizhou have
attracted more and more attention in recent
years. The source of rare earth materials is
the basis of the study on the genetic
mechanism and distribution of ore deposits,
and has important research value. The
source of rare earth materials in this area
can be identified by petrological,
geochemical and geochronological methods.
Through comprehensive analysis, it is
concluded that the source of rare earth
materials in this area is closely related to
the large igneous province of Emei
Mountain, mainly including basic basalt,
medium acid igneous material and
pyroclastic material.
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1. Introduction

Rare earth not only has excellent
photoelectromagnetic and other physical
properties, but also can form a variety of new
materials with other materials, so it has
important application value in the field of
national defense and civil industry, and is an
important strategic mineral resource of the
country. Rare earth is not evenly distributed
around the world, mainly in China, Brazil,
Vietnam and Russia and other countries. As a
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major country in rare earth resources, China's
rare earth reserves account for about 37% of
the global total '), and it has a long history of
exploration and development of rare earth.
Predecessors believed that rare earth deposit
types mainly include magmatic type,
pegmatitic type, gas-derived hydrothermal
type, sedimentary rock type, placer type and
weathering crust type . However, in recent
years, a new type of rare earth deposit has
been discovered in Weining area, northwest
Guizhou Province, and its origin is still
controversial. Wang believe that it belongs to
weathering crust type [*!, and Zhou believe that
it belongs to sedimentary type [4. Zhang
believe that it belongs to the sedimentation-
transformation type Bl while Gong et al.
believe that it has both weathering and
sedimentary metallogenic characteristics 1.
The discussion of the type of rare earth deposit
involves the study of the mineralization
process of the deposit, in which the
determination of the material source is the
most fundamental link. At present, there are
different opinions on the source of layer of
rare earth ore-bearing rock series in Weining
area of northwest Guizhou Province, and no
unified understanding has been formed, which
restricts the further improvement of the deposit
theory in this area. This study will
systematically sort out the views on the
sources of rare earth minerals in this area, and
summarize the similarities and differences
between them, so as to provide certain
directions and ideas for subsequent research.

2. Geological Background

The study area is located in the southwest
margin of the Yangtze Plate 7l In the Middle
and late Permian, the Emei Mountain igneous
province formed in this area contains a large
number of volcanic rocks, ferrimafic intrusive
rocks and a small amount of felsic rock output.
The formation mechanism of the Emeishan
large igneous province is as follows: the ascent
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of mantle plume first caused rapid dome-like
uplift of the crust, resulting in differential
denudation of the Maokou formation on the
surface to form the corresponding karst
landform. The crust was further uplifted by
magmatic effusion and volcanism in the later
period, resulting in the strongest erosion in the
higher inner zone and the accumulation of
weathering products in the middle zone and
the transition zone between the middle zone
and the outer zone. From west to east,
denudation area, continental clastic rocks,
coastal shallow-sea clastic rocks and carbonate
platform are formed successively [*].

The ore-bearing rock series in this area is
formed in the terrigenous clastic rock area, and
the strata are mainly Carboniferous, Permian,
Triassic, Jurassic and Quaternary. The strata
associated with the REE deposits in this study
are mainly Emishan Basalt Formation and
Xuanwei Formation of the Upper Permian
Series. The faulted structures in the direction
of NE and NW are developed in the area. With
the development of fold structure, the northest-
trending Hala River syncline and Zhe Jue
compound syncline are developed from north
to south, and the strata of the Xuanwei
Formation occurring in the ore-bearing rock
series are distributed in the flank of the
syncline 1. From north to south, typical rare
earth ore-bearing rock series profiles include
Lufang, Zhangsigou, Maojiaping,
Xiaoginggou, Haiwai and Zhe Jue mines.

3. Geological Characteristics of Deposit
Taking Maojiaping and Xiaoqinggou sections
located in different sedimentary areas as
examples, the sedimentary characteristics and
ore body characteristics of ore-bearing rock
series in the area are discussed.

3.1 The Lithologic Profile of Maojiaping

Located in Maojiaping, Heishi Town, south
east wing of the northern margin of the Hala
River syncline, the rare earth ore-bearing rock
series is located in the lower part of Xuanwei
Formation (Figure 1), which is in
unconformable contact with the underlying
Emei Mountain basalt. From bottom to top,
The lithology of the rare earth ore-bearing
rock series is successively grayish yellow
ferruginous tuffaceous claystone, purplish red
massive ferruginous mudstone, purplish red
thick layered ferruginous silty mudstone,
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grayish green medium thick layered
ferruginous silty mudstone, light grayish green
dense aluminaceous mudstone, black thin
layered silty aluminaceous mudstone, grey
thick layered dense aluminaceous mudstone
and grayish white thick layered dense
aluminaceous mud rock, gray medium and
thick layered carbonaceous ferruginous
mudstone, gray-black  thick layered
carbonaceous  siltstone, black massive
carbonaceous ferruginous siltstone, gray-green
thick layered ferruginous argillaceous siltstone,
black medium layered ferruginous mudstone,
gray-green medium layered siltstone. The
lithology of the mineral layer is gray and gray
white aluminite mudstone, black carbonaceous
mudstone, carbonaceous siltstone, gray green
silty mudstone and gray ferric mudstone.

3.2 The Lithologic Profile of Xiaoginggou
The lithology of the ore-bearing rock series is
successively gray-black ferruginous tuffaceous
mudstone, yellow-green thin-layered
ferruginous  argillaceous  siltstone, gray
massive aluminaceous mudstone, light gray
massive aluminaceous mudstone, grayish-
white medium-thick dense aluminaceous
mudstone, gray medium-thick aluminaceous
ferruginous gravel coarse sandstone and gray
thin-layered aluminaceous fine sandstone
(Figure 1). The lithology of the deposit is
mainly gray and light gray aluminaceous
mudstone and yellow-green ferruginous
argillaceous siltstone.

To sum up, the lithology of ore-bearing rock
series in this area is mainly mudstone,
argillaceous siltstone, silty mudstone and
siltstone, and some areas are relatively
carbonaceous. The ore types are mainly
aluminaceous  mudstone, followed by
carbonaceous mudstone, ferric mudstone,
ferric siltstone and carbonaceous siltstone.

4. Discussion on Material Source

4.1 The Reflection of Ore Structural
Characteristics on Provenance

From the above description of the
characteristics of ore-bearing rock series, it
can be seen that the ore is mainly composed of
fine clastic structure, argillaceous structure and
tuff structure. Tian et al. identified the clastic
components of tuff samples with tuff structure
under microscope ! and found that about 92%
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of the clasts were pyroclastic. Its identification
characteristics are semi-plastic-plastic, with
flattening, elongating deformation, semi-
orientation, slightly developed internal chlorite
almond body, condensation edge development,
etc. In addition, there are intergranular hidden
structures and intergranular hidden structures
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among the fragments. The above structural
characteristics indicate that the sediment
source is closely related to the activity of the
basalt in Emei Mountain, and the material
source of the ore-bearing rock series is related
to the volcanic eruption material.
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Figure 1. Column Diagram and Rare Earth Content of Maojiaping and Xiaoqinggou Profiles

4.2 The Reflection of Ore Composition
Characteristics to Provenance

Zhang Bl identified the rare earth ore in the
area, and the lithology showed that it was
mainly fine-grained lithic sandstone and
argillaceous siltstone. The debris includes
basalt debris and volcanic debris. Specific
pyroclasts include volcanic breccia, lithic tuff
and clayified lithic tuff. The above
characteristics show that the rare earth
minerals in this area come from the basalt and
pyroclastic rocks of Emei Mountain.

Tian analyzed the ore minerals by sampling X-
ray powder diffraction analysis method, and
found that in addition to kaolinite, hematite,
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chlorite, anatase, magnetite, albitite, chlorite,
sodalite and other minerals ), B-quartz with
certain environmental indicator characteristics
also appeared. Since f-quartz is mainly
produced in medium acid igneous rocks, it
indicates that the source of rare earth ore-
bearing rock series in this area includes
medium acid igneous rocks formed in the late
eruptive period besides Emei Mountain basalt.
4.3 The Reflection of Geochemical
Characteristics on Provenance

4.3.1 Major Element

Based on the analysis results of 248 chemical
samples, Rollinson proposed a discriminant
function for distinguishing sediments whose
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provenance was mainly ferric magnesium,
neutral to felsic and quartz [%)  The
discriminant  function is calculated as
discriminant function 1= -1.773TiO, +
0.607A1,03 + 0.76Fe;Os(total) - 1.5MgO +
0.616Ca0O + 0.509 Na,O - 1.224K>0 - 9.09;
discriminant  function2  =0.445TiO, +
0.07AL0; - 0.25 Fe:Os(total)-1.142 MgO +
0.438Ca0 + 1.475Nax;O + 1.426K,0-6.861.
Using this criterion, Zhang Hai B conducted
the placement of 64 rare earth ore samples,
showing that except for a few sample sites,
most of the sample sites were located in the
ferromagnesia region. It shows that the rare
earth minerals in the study are derived from
the basalt and pyroclastic rocks of Emei
Mountain.

4.3.2 Trace Elements

Since Th element is enriched in acidic rocks
and Sc element is enriched in basic rocks,
Th/Sc ratio is a good indicator of magmatic
chemical differentiation process, and does not
change with sedimentary recycling, and can be
used to determine whether the sediment
belongs to felsic or ferrimafic origin ). Tian et
al. analyzed the samples in the area ! and
found that the iron clay rocks, clay siltstone
and a small amount of aluminaceous clay
rocks mainly distributed in the range and
vicinity of the high-titanium basalt of Emei
Mountain in a linear trend, indicating that the
material source is closely related to the high-
titanium basalt of Emei Mountain.

4.3.3 Rare Earth Element

The rare earth content in sedimentary rocks is
mainly controlled by the composition of
source rocks, and weathering and diagenesis
have a minor effect on the change of rare earth
content, which is reflected in that they have
little effect on the redistribution of REE, so
REE can be used as source tracing ['!l. The
specific operation is to identify the provenance
through REE distribution pattern curve. The
REE distribution model diagram takes atomic
number as the horizontal coordinate and
ordinate as the pair value of sample
normalized abundance base 10. The source of
the original material can be determined by
comparing the distribution pattern of each
sample. Ge sampled the rare earth ore-bearing
rock series of Zhejue Section and Haiwai
section and the basalt of Emei Mountain at the
bottom, tested the rare earth elements, and
made the relevant rare earth element
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partitioning curve!®), and found that the rare
earth element partitioning curve characteristics
of the samples of rare earth ore-bearing rock
series were similar to the underlying Emei
Mountain basalt, indicating that the rare earth
ore in the section is related to the basalt of
Emei Mountain. The material of rare earth
may come from the basalt of Emei Mountain.
In addition to the rare earth partition curve, the
OEu value indicating the Eu anomaly can be
used as an important parameter to identify the
source of the material. Generally, sedimentary
rocks formed by weathering of medium-acid
igneous rocks have obvious negative Eu
anomalies, while sedimentary rocks formed by
weathering of basic igneous rocks such as
basalt have no negative Eu anomalies or show
relatively weak negative Eu anomalies 2], Ge
analyzed the rare earth ore-bearing rock series
in Zhejue and found that dEu ranged from 0.30
to 0.87 81, with an average value of 0.63, while
OFEu of rare earth ore-bearing rock series in
Haiwai profiles ranged from 0.75 to 0.1.03,
with an average value of 0.86. It can be found
that the degree of Eu anomaly varied greatly,
from obvious negative anomaly to weak
negative anomaly to no anomaly. The results
show that the source of rare earth ore-bearing
rock series is not only Emei Mountain basalt,
but also some medium acidic magmatic
material.

4.4 The Reflection of Chronological
Evidence on Provenance

Du et al. conducted a chronological analysis of
hard claystone samples from rare earth ore-
bearing rock series in Huize area of Yunnan
Province, and the results of zircon U-Pb
isotope analysis show that the formation age of
the ore is between 254-260Ma 31, which is
consistent with the age of the Emeishan basalt
measured by He Bin et al. from 255 Ma to
260Ma. It is concluded that the source of ore-
forming materials of these supergenetic
niobium-rare earth polymetallic deposits may
mainly come from basalt. For this study area,
Wang Changwei et al. determined the
formation age of Yuba rare earth ore-bearing
rock series in Weining ['*, and obtained a
zircon U-Pb age of 251.9-252 Ma, which is
also consistent with the age of Emei Mountain
basalt, indicating that the material source of
rare earth ore-bearing rock series in northwest
Guizhou is also closely related to the
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underlying rock formation Emei Mountain
basalt.

4.5 Type of Material Source

In summary, the source of rare earth minerals
in Guizhou is closely related to the formation
of Mount Emei igneous province, and runs
through the formation process of the whole
igneous province. At the late stage of the
evolution of the large igneous province of
Emei Mountain, the magma formed
moderately acidic igneous materials under the
process of differentiation, and the middle and
lower part of the large igneous province were
mainly basalt and the top was a combination of
moderately acidic materials ['°!, In the process
of providing material source for rare-earth ore-
bearing rock series under weathering in the
large igneous province of Emei Mountain, the
medium acid igneous material at the top is first
subjected to weathering denudation and is
mainly deposited at the bottom of rare-earth
ore-bearing rock series. The basalt in the
middle and lower part was subsequently
denuded and mainly deposited in the middle
and upper part of the rare earth ore-bearing
rock series. Therefore, the material sources of
rare earth ore-bearing rock series include Emei
Mountain basalt and medium acid material.

In addition, during the formation of the large
igneous province of Mount Emei, there were
not only magma overflow, but also
corresponding pyroclastic material ejection.
The most common is that volcanic ash
material migrated with the atmosphere and
eventually settled into the corresponding water
body, and the corresponding rare earth
material was extracted from the sea, providing
the corresponding material basis for the
formation of rare earth ore [1¢],

5. Conclusion

(1) The mantle plume activity from the middle
of Permian period raised the crust, and
eventually led to large-scale magma intrusion
and eruption, forming a pattern with the
eruption center as the inner zone, and the outer
zone as the outer zone. The inner zone is the
highest in the terrain and suffers from strong
weathering, which provides abundant material
sources for the formation of rare earth ore.

(2) At present, the source of rare earth
minerals can be discussed from the aspects of
petrology, geochemistry and geochronology.
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The specific mechanism is the mineral
composition,  structural and  structural
characteristics of rare earth minerals, major
elements, trace elements, rare earth elements
in geochemical characteristics, U-Pb isotope
analysis in geochronology, which can provide
the corresponding indication of the source of
rare earth materials.

(3) In summary, the sources of rare earth
materials mainly include basic basalt, medium
acid igneous material and pyroclastic material.
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