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Geochemical characteristics of rare earth elements in
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Abstract: Yuhua phosphate deposit is located in Weng”an County, Guizhou Province, and its ore body occurs in the
Ediacaran Doushantuo Formation (Z,ds). To better understand the geochemical characteristics of rare earth
elements in this phosphate deposit, we conducted systematic studies using field geological survey, optical
microscopy. scanning electron microscopy and energy dispersive spectroscopy (SEM-EDS), X-ray fluorescence
spectroscopy (XRF) and inductively coupled plasma and mass spectrometry (ICP-MS). The result indicates that the
rare earth elements, including Y. in phosphate orebeds a and b mainly exist in collophane in an adsorbed form. The
Ce,om-Nd relationship diagram indicates that bed a is formed in a reducing environment whereas bed b is formed in
an oxidizing environment, and that the forming environment from bed a to bed b underwent a transition process
from a reducing environment to an oxidizing environment. The PAAS-normalized distribution patterns of rare earth
elements in bed b exhibit a “hat-shaped” feature with slight enrichment of middle rare earth elements, indicating an
obvious involvement of organisms during the formation of bed b.
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tion
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Fig. 2 Sampling locations of Yuhua phosphate deposit
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Fig. 3 Structural characteristics of ores from Yuhua phosphate deposit
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Fig. 4 Structural characteristics of phosphate ores from Yuhua phosphate deposit
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Fig. 5 Mapping images of collophane and clay minerals in phosphate ores from Yuhua phosphate deposit
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Fig. 6 Mapping images of pyrite and collophane in phosphate ores from Yuhua phosphate deposit
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Fig. 7 Mapping images of clay minerals and collophane in phosphate ores from Yuhua phosphate deposit
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Fig. 8 Mapping images of dolomite and collophane in phosphate ores from Yuhua phosphate deposit
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Fig. 9 PAAS-normalized distribution patterns of rare earth elements in seawater and ore or rock from Yuhua phosphate deposit
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F1 EEBTRETEPO(%) EBLITREZR(107) WKER

Table 1 Test results of P,O;(%) and rare earth element contents (10 °) in ore or rock from Yuhua phosphate deposit

i~ A E e BEfH KR P,0; lLa Ce Pr Nd  Sm  Eu Gd  Tb Dy Y Ho EE Tm Yb Lu

Tt XGZ28 A% 0.84 3.80 510 1.16 510 1.02 0.20 1.00 0.15 0.83 6.90 0.17 0.42 0.05 0.28 0.04
XGZ27  MRURBEF A 16.65 55.20 66.90 14.25 60.00 10.95 2.16 10.55 1.43 8.64 75.20 1.70 440 0.54 2,74 0.39
XGZ26  EUEHCIREES A 33.30 13.00 19.80 3.88 18.00 4.34 0.94 4.72 0.68 4.20 31.70 0.80 1.96 0.25 1.22 0.17

XGZ25  FUEPOREES T 29.10 15,00 2420  4.81 23.00 5.54 119 6.32 0.90 542 4270 1.05 2.68 0.32 1.53 0.2l
XG724  FUBYORBES 1 32.50 17.80 28.60 5.96 27.80 6.70 1.42 7.53 1.05 6.37 5150 1.26 3.05 0.37 175 0.24
XGZ23  EUEHCREER A 37.10 29.60 48.50 10.10 47.90 11.75 2.54 13.45 192 11.40 93.20 2.22 5.64 0.66 3.19 0.44

XGZ22  MAUREER A 22,20 18.70 27.20 5.88 28.70 7.36 1.58 853 1.21 7.35 62.40 1.43 3.55 0.43 2,08 0.28
b E XGZ21 ARG fT 15.50 12.80 19.00  4.02 19.00 4.66 1.05 5.65 0.85 507 40.70 0.99 2.56 0.29 149 0.2l
XGZ20  EUBHORBES 1 29.00 16.60 23.50 5.23 25.00 6.53 141 7.67 1.13 7.18 61.40 1.38 3.61 0.44 208 0.29
XGZ19  FUBEPORBES A 27,90 12.60 16.30  3.72 17.20 441 0.98 551 0.81 506 43.70 1.02 2.72 0.33 1L71 0.24

—_

28

~
oo
—_

.08 6.95 58.70

—_

XGZ18  FUHPORFED 1 39.30 14.80 19.60  4.60 22,10 5.84 39 3.60 0.44 227 0.31

XGZ17 M RAREET A 16,15 12,00 16.60  3.48 16.50  4.66  0.97

3
-
oy
=}

.86 5.19 40.90 1.03  2.69 0.33

—

78 0.25

XGZ16  MEREET A 12.25 43,00 77.10 14.00 61.80 15.60 3.35 17.50 2.60 15.8 109.00 3.07 820 1.06 5.76 0.85

b
i XGZ15  WMRREESA 1260 7.80 13.80  2.33 10.80 2.79 0.59 3.08 0.44 271 20.80 0.53 L35 0.17 0.79 0.11
e XGZ14 e 0.12 0,60 1.00 0.10 0.40 0.12 0.02 0.12 0,02 0.13 0.70 0,03 0.07 0.0l 0.05 0.0l
A Gxr xozs Az 0.03 0.10 0.30 0.06 0.3 005 — 006 00l 006 060 002 006 00l 007 00l
XGZ12 AzH 0.05 0.60 0.90 0.07 0.3 009 — 009 0.0l 008 060 002 006 — 004 001
XGZ11  ZECRBEF A 19.90 16.40 31.80 4.65 20.30 4.84 0.91 5.8 0.89 6.08 53.00 1.3¢ 3.94 0.53 2.91 0.42
XGZ10  ZAPIREES A 12,95 11,50 21.40 2,96 13.40 3.12  0.68 3.67 0.56 3.93 33.50 0.87 252 0.35 199 0.29
XGZ09  EUEHORBED A 32.90 28,30 53.80 7.74 3470 8.28 1.87 10.25 1.56 10.70 99.20 2.38 6.68 0.93 4.96 0.71
XGZ08  FUHHRBES £ 28.60 26.40 50.40 7.25 32.70 7.77 168 9.62 1.45 10.10 88.90 2.24 6.32 0.87 4.63 0.67

a®i)2 XGZ07  BURHURBED A 32.40 35.60 71.20 10.45 48.10 11.50 2,65 14.60 2.19 14.85 124.00 3.24 9.10 1.20 6.22 0.87
XGZ06  FHPRHER A 33.60 35.50 71.80 10.75 49.10 12.00 2.78 15.30 2.33 15.90 132.50 3.43 9.60 1.26 6.38 0.91

XGZ05  BUBYORBED A 31,90 32.80 63.60 9.49 43.40 10.55 2.42 13.25 2,04 13.75 122,50 3.08 858 111 557 0.79

XGZ04  BUBHORBES f1 30.50 33.40 65.10  9.62 44.40 10.70 2,51 14.35 2.14 14.60 126.00 3.19 8.99 1.16 581 0.8
XGZ03  FUEHORBES f7 31,60 34.50 72.00 10.50 47.70 11.55 2,52 15,15 2.27 15.30 132.00 3.37 9.51 1.22 6.28 0.89
XGZ02 Hzh 4,17 1540 35.20 4.27 20.00 5.3 — 598 0.8 520 3650 1.09 2.90 0.3 191 0.30
ek XGZ01 Hz% 0.41 3.50 6.8 0.91 410 1.26 — 108 0.16 092 560 017 045 0.06 0.36 0,07

TP, O, (YO FIF + T E (10 ) NG — 15 0 E & 8T ICP-MS Hi e Z AR
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Table 2 Related parameters of rare earth elements (10 °) in ore or rock from Yuhua phosphate deposit

il AR HEmgS FEA 2 LREE HREE SREY LREE/HREE Y/SREY  Ce,.. Lay/Smy Lay/Yby
Tk XGZ28 Hz % 16. 38 9. 84 26. 22 1.66 0. 26 —0.26 0. 54 1.00
XGZ27 RN e 209. 46 105. 59 315. 05 1.98 0. 24 —0.27 0.73 1.49
XGZ26  BUEBYOREET-A 59. 96 45.70 105. 66 1.31 0. 30 —0.21 0. 44 0.79
XGZ25  EEIURBET A 73.74 61.13 134. 87 1.21 0.32 —0.21 0. 39 0.72
XGZ24  BEYORBET A 88. 28 73.12 161. 40 1.21 0.32 —0.21 0. 39 0.75
XGZ23  BURYCREET A 150.39 132.12 282.51 1. 14 0.33 —0.21 0.37 0.68
XGZ22 i R A 89. 42 87. 26 176. 68 1.02 0.35 —0.22 0. 36 0.59
bR XGZ21 SR BE A 60. 53 57.81 118. 34 1.05 0. 34 —0.24 0.40 0.63
XGZ20  BUEBYCREETA 78. 27 85.18 163. 45 0.92 0. 38 —0.24 0.37 0. 59
XGZ19  EEYURBET A 55. 21 61.10 116. 31 0. 90 0.38 —0.28 0.42 0. 54
XGZ18  EEYURBET A 68. 22 81.98 150. 20 0.83 0. 39 —0.29 0.37 0.48
XGZ17 R EE A 54.21 58. 74 112. 95 0.92 0.36 —0.21 0. 36 0.41
b XGZ16 r AR A 214. 85 163. 84 378. 69 1. 31 0. 29 —0.15 0.40 0.55
i XGZ15 RN ] 38.11 29.98 68. 09 1.27 0.31 —0.15 0.41 0.73
b XGZ14 [E35ie= 2.24 1.14 3.38 1.96 0.21 —0.06 0.73 0. 89
i G k)2 XGZ13 Hz %A 0. 81 0. 90 1.71 0. 90 0.35 —0.10 0. 29 0.11
XGZ12 Hz% 1. 96 0.91 2.87 2.15 0.21 —0.07 0.97 1.11
XGZ11 RBURBET A 78.90 74.93 153. 83 1.05 0.34 —0.08 0.49 0. 42
XGZ10 S IR A 53. 06 47.68 100. 74 1. 11 0.33 —0.09 0.54 0.43
XGZ09  EUEPORBES A 134.69 137. 37 272. 06 0.98 0. 36 —0.09 0. 50 0. 42
XGZ08  EEYURBED A 126.20 124. 80 251. 00 1.01 0.35 —0.09 0. 49 0.42
al R XGZo7  EUBHCREETA 179.50 176. 27 355.77 1.02 0.35 —0.09 0.45 0.42
XGZ06  EEYURBES A 181.93 187.61 369. 54 0.97 0. 36 —0.09 0.43 0. 44
XGZ05  HEYURBED 1 162.26 170. 67 332.93 0.95 0.37 —0.10 0.45 0.47
XGZo4  BUBYOREET A 165.73 177. 08 342. 81 0.94 0. 37 —0.10 0.45 0. 45
XGZ03  HHHURBES T 178.77 185. 99 364. 76 0. 96 0. 36 —0.07 0.43 0. 44
XGZ02 Hz % 80. 23 55. 09 135. 32 1.46 0.27 —0.02 0.42 0. 60
it XGZ01 Epas 16.57 8. 87 25. 44 1.87 0. 22 —0.07 0. 40 0.72
1 e, =12l (3Cey) / (2Lay +Ndy)



