
dioi:10.12029/gc20221027003 

 

ᵄ ᾝ № ȁ ῒ ≠ ╠ №  

↔ 1̆ 2̆ 1̆ 1 

(1.Ҭ ‚ ̆   443001̕ 2.қ ҍ

̆   330013) 

ȍ̔ Ȏ Ҭᵄ ᾝ ̆ ῒ№ ̆

ᾝ ≠ ΐ ӈ̆ ᵬҹᵄ ֟ ≠ ҹ

Ȃȍ Ȏ ץ ҹҺ ̆ ҉̆

ȁῃ № ȁXRD № ȁSEM ȁLA-ICP-MS ᵬȂȍ Ȏ

Ҭ ᾝ ɆREYҹ 63.5×10-6͘271.8×10-6̆Ҍ ᵝ Ҍ

Ҭ ᾝ Ȃȍ Ȏ ᾝ └ ̆ Ԑ ŕ Ԑ

ŕ ŕ ŕ ̆ Ȃ ᾝ ₮

Ṝץ ҹҺ̆ ₮ ̕Ce ȁV/Ni Y/Ho ṿ

Ҭ EH ᴆ׆ ⌠ ̆ ׆ Ph2
2 ⌠ Ph1

3 ̆ ᵣ Ȃ

Ҭ ᾝ ᵣ ᵞ ғ̆ Ҭ ̆

Ȃ ᵄ ү ̆≠ ᾝ ̆

≠ ӈȂ 

῏ ̔ ; ᵄ ; № ; ; ≠ ╠ סּ֟ ; ; ;  

⇔ ̔ ᵄ ῒ ̆ ᾝ №

̆ ԅ Ҭ ̆ ≠ ᴇṿȂ 

 

Distribution, occurrence and exploration prospect of associated rare 

earth elements in Yichang phosphate deposit, Hubei Province 

LIU Lin 1, WANG Dazhao2, CHEN Aizhang1 , CAI Xiongwei1 

(1 Central South Institute of Metallurgical Geology, Yichang, 443001, Hubei, China ; 2 State Key Laboratory of 

Nuclear Resource and Environment, East China University of Technology, Nanchang 330013, Jiangxi, China) 

 

Abstract̔This paper is the result of mineral exploration engineering. 

[Objectives] The phosphate deposits in Yichang Hubei Province are associated with rare earth 

elements (REY). The study of the distribution and occurrence state of the REY has great significance 

for the recovery and utilization of the REY .The comprehensive utilization of associated rare earth 

minerals will become an important source for the development and utilization of rare earth minerals 

in the future. [Methods] The main research object in this paper is the REY in phosphate. Based on 

systematic sampling, some research such as rock and ore identification, whole rock chemical 

analysis, X-ray diffraction analysis, scanning electron microscope observation and LA-ICP-MS test 

is carried out. [Results] The results show that the total amount of REY in phosphorite is 63.5×10-

6͘271.8×10-6. The content of REY in phosphorite varies with different strata and lithology. 

[Conclusions] The content of REY is obviously controlled by lithology. From dolomite ŕ 
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dolomitic phosphorite ŕ  dense massive phosphorite ŕ  argillaceous banded phosphorite to 

mudstone, the content is gradually increasing. The trace elements compositions reflect that the 

ancient climates of the Yichang phosphate deposits were mainly dry and hot, and the northwest ones 

were slightly warm and humid; Ce anomaly, V/Ni and Y/Ho ratio reflect that the EH conditions in 

seawater were gradually oxidized from the Ph2
2 to the Ph13.The content of total REY in the Yichang 

phosphate deposits is low, and the REY content in mudstone is higher than those in phosphate rocks, 

indicating that the content of adsorbed REY are higher than the isomorphic REY. Yichang possesses 

large amounts of REY in phosphate ore. The comprehensive recovery of rare earth elements with 

reasonable technology is of great significance to the rational utilization of Yichang phosphate rock 

resources and economic development. 

Key Words P̔hosphate deposit; Associated rare earth elements; Distribution law; Occurrence state; 

Development and utilization prospects; Mineral exploration engineering; Yichang; Hubei Province 

Highlights:  The first systematic study on the content and geological characteristics of associated 

rare earths in Yichang Phosphate Mine, Hubei Province, the summary of the regularity of 

distribution of rare earth elements and the discovery of the occurrence state of rare earth in 

phosphate rock series are of great reference value to comprehensive utilization of phosphorus 

tailings. 
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Fig. 1 Geological sketch map of Yichang phosphate deposit (modified from Liu et al., 2018) 

 

( ) ҹѿ Ԑ ð Ԑ ð ð

Ԑ Ȃ ѿ ץ ñ Ԑ ̆ Ԑ òҹ ̆ Ҍ

ԍ╠ ӊ҉̕ ѿ ץ Ԑ Ԑ ȁ

ҹ ҉̆ ҹ҉ Ԑ Ȃ ̆ ⅞

№ҹ ҩ (Z1d1ȁZ1d2ȁZ1d3ȁZ1d4)̆ ( ↨ , 2010; 2)Ȃ

҉₮ 6ҩ ( ↨ , 2008)̆ ̔ ҉ Ҋ№≢ ԍ (Ph6)ȁ

҉ ԋ (Ph5)ȁ Ҋ (Ph4)ȁ ү

(Ph3)ȁ (Ph2) (Ph1) ῒ̆Ҭ ҈ȁ ȁԓȁΈ ( ) № Ҍ ȁ ȁ

ᵝᵞ̆Ҍΐ ҙ ӈ̆ ѿȁ ԋ ( ) ҹҺ ᵝ̆ № Ҋ̔ 

Ph1 ᵝԍ ѿ Ҭ ̆ҹѿ - Ԑ - Ԑ -

- Ԑ ̕ № Ph1
1ȁPh1

2 Ph1
3̆ῒ ҹ ̆ Ҋ

҉̆ Һ ҹ ð ð Ԑ Ȃ 

Ph2 ᵝԍ ԋ ̆ҹѿ Ԑ ȁ - Ԑ ̆

ȁ Ԑ ȁ Ȃ Ph2

̆ҹ Һ ҙ ̆ ̆ №ҹ Ph2
1ȁPh2

2ңҩ ̆Һ ҹ

Ȃ 
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Fig. 2 Histogram of phosphate rock series in Yichang phosphate deposit (modified from Yang et 

al., 2008) 
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Fig. 3 Lithofacies palaeogeography map of Doushantuo period in Western Hubei(modified from 

Yang et al., 2010) 

1.Archicontinent;2.Transgressive direction;3.Lithofacies palaeogeography boundary;4.Provincial boundaries;F1ĺ

Qingfeng fault;F2ĺXiangfan-Guangji fault;F3ĺWuduhe fault;F4ĺBaihe-Gucheng fault;Ň 1:Shore tidal flat 

subfacies, Ň2 :Shore tidal flat (inner tidal flat) oolitic beach subfacies; ň1: marginal facies of shallow sea basin; 

ň2: Carbonate mud (shale) subfacies in shallow sea basin; ň3: carbonate subfacies in shallow sea basin; ŉ1: 

Shallow sea platform margin slope facies; ŉ2: Lake-tidal flat subfacies at the margin of shallow sea platform; ŉ3: 

Platform subfacies of shallow sea platform; Ŋ1: Late shallow sea platform slope facies; Ŋ2: Late shallow platform 

platform facies 
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Fig. 4 Field photos showing geological features of phosphate rocks 

aĺunderground characteristics of rare earth phosphorous deposit; bĺfield outcrop of dolomitic strip phosphate 

deposit; cĺcore characteristics of phosphorous ore bed containing rare earth; dĺdense massive phosphate ore 

sample 
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Fig. 5 Microscopic characteristics of collophanite 

aĺagglomerated phosphate rock, gel (5¦̆-) ; bĺ Clear boundary between phosphate rock and argillaceous strip 

(5¦̆-) ;cĺ growth of chalcedony surrounding collophanite (5¦̆-);dĺ banded phosphate rock (5¦̆-̃;eĺ 

Phosphorus-bearing mudstone, sand debris structure (10¦ ̆ +); f ĺ argillaceous collophane, gel 

structure,microcrystalline structure(10¦,-) 
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Fig. 6 Mineral characteristics of phosphorite under scanning electron microscope 

Apðapatite; Brtðbarite; Clyðclay minerals; Calðcalcite; PyðPyrite; Qtzðquartz; Aĺmassive phosphate rock 

contains a small amount of quartz and barite (BSE); BĺCharacteristics of argillaceous strip phosphate ore (BSE); 

Cĺcalcite interpenetrated in apatite (reflected light); Dĺclay minerals (BSE) scattered in apatite; Eĺpyrite in 

apatite (BSE); Fĺclay minerals and pyrite crystals in apatite (reflected light); Gĺpyrite band in mudstone (BSE); 

Hĺstrawberry pyrite (BSE) in phosphorous mudstone; Iĺcalcite and pyrite spots in mudstone (reflected light); Jȁ 

Kĺargillaceous banded phosphate rock (BSE); Lĺpyrite dispersed in apatite (BSE); Mĺargillaceous banded 

phosphate rock (reflected light) 
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