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The REE enrichment characteristics and constraints of
the phophorite in Zhijin, Guizhou: A case study of No. 2204
drilling cores in the Motianchong ore block
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Abstract:The REE contents of phosphorites in the Gezhongwu Formation of the Motianchong ore block in
the Zhijin phosphorite-type REE deposit are high with average Y REE and Y contents of approximately
650x10° and 200x10°, respectively. Through petrological, mineralogical and major and trace elements
geochemical studies of phosphorites, it is believed that the REE enrichment characteristics and constraints of
phosphorites are given below. 1) The variation of REE contents along the profile section is greatly affected by
rock types, with the subsequently gradual increase of REE and Y contents in the following order from
dolomite, phosphorous-bearing dolomite, dolomitic phosphorite, phosphorites, to black (carbonaceous)
phosphorites. 2) The contents of > REE and Y are positively correlated with P,Os contents of various rocks
and phosphorites, reflecting that Y REE and Y contents may be closely related to phosphorus chemical
compositions and mineral components of rocks. 3) The phosphorites of middle and lower parts of the
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Gezhongwu Formation have mainly sandy structure with columnar and strip-shaped mineral grains and a
certain amount of biological debris. The phosphorites of upper section of the Gezhongwu Formation have
mainly silty structure with elliptical or round mineral grains. P,Os and REE contents of rocks in the middle
and lower sections are relatively high but those of rocks in the upper section are relatively low. Therefore, it is
inferred that the REE enrichment of those rocks may be related to the mineral structure and biological activity,
and biological bodies are helpful to the enrichment of REE, especially LREE. 4) The Post-Archean Australian
Shale (PAAS) standardized REE patterns of the phosphorites show a "hat type" distribution mode with the
MREE enrichment, and obviously negative Ce anomalies. The LREE/HREE ratios are greater than 5, showing
the enrichment of LREE. The Ce/Ce" ratios of phosphorites in the Gezhongwu Formation are all lower than
-0.1, indicating an oxidized environment during their deposition time. The oxidized depositional environment
may be in favor of the enrichment of phosphorus and REE. The negative correlation between Ce/Ce” and
Lan/Ndy values indicates that the enrichment of LREE may be related to the redox condition of ancient
seawater. The more oxidation of redox condition is the more enrichment of LREE.

Keywords: REE enrichment; constraints; phosphorus deposit; Gezhongwu Formation; Zhijin
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Fig. 2. The columnar section of N0.2204 drill hole and the variation trend of related elements and parameters.
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Fig. 3. Hand specimen of cores from the No.2204 drill hole in the Motianchong ore block.
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Fig. 4. Mineral morphologies for phosphorites from cores of the No.2204 drill hole.
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X
ICP-MS PerkinElmer ELANDRC-¢
Q-ICP-MS
1 P,0s 221% 35.9% 16.55%
CaO 252% 52.1% 36.03% F 02% 3.6% 1.69% MgO 0.33%
17.9% 8.83% CaO Si0, TFe,0; MgO
P205 F A1203 Kzo NaZO
1.07% 0.44% 0.06%
1 2204 we/%
Table 1. Analyses of major elements of phosphorites and wallrocksfromcores of the No. 2204 drill hole(%)
A1203 CaO F TFCQO; Kzo MgO MnOz NazO PzOs SiOz LOI
ZK22-45 6.79 5.00 0.20 4.55 1.91 0.75 0.06 0.05 0.31 68.20 5.51
ZK22-43 0.23 37.10 270 1.90 2.14 0.81 0.01 0.10 2720 17.10 3.86
ZK22-42 1.92 30.20 1.90 1.41 0.60 0.33 0.03 0.05 19.95 3790 4.64
ZK22-40 1.37 26.30 1.30 3.54 0.45 5.08 0.11 0.02 12.75 33.80 14.93
ZK22-37 0.57 27.00 0.60 0.63 0.20 15.90 0.21 <0.01 3.66 17.20 34.54
ZK22-36 3.40 2640 1.80 1.69 1.08 0.68 0.02 0.06 19.30 42.50 3.48
ZK22-35 2.54 36.60 1.40 4.80 0.80 6.36 0.08 0.02 13.15 10.50 23.18
ZK22-33 1.00 26.80 0.20 0.42 0.33  16.55 0.24 <0.01 2.61 14.00  37.00
ZK22-32 1.70 32.50 1.10 0.63 0.59 11.40 0.19 0.03 10.80 14.15 27.09
ZK22-30 1.34 2520 0.40 0.71 0.43 14.30 0.20 <0.01 3.67 20.20 3233
ZK22-29 1.93 38.50 2.10 1.46 0.63 7.14 0.11 0.07 19.70  11.60 17.57
ZK22-28 0.57 28.30 0.20 0.60 0.19  17.90 0.30 <0.01 2.21 9.77 39.36
ZK22-25 1.44 32.00 1.20 2.33 0.50 11.50 0.19 0.04 10.75 12.00 2539
ZK22-22 2.07 3420 1.70 2.12 0.67 8.17 0.10 0.04 16.10 1420 20.17
ZK22-16 0.47 47.00 2.90 0.83 0.15 4.81 0.04 0.11 29.10 2.37 12.07
ZK22-15 0.34 52.10 3.60 0.73 0.13 1.52 0.01 0.13 35.90 1.43 5.07
ZK22-14 0.43 43.00 2.20 0.81 0.15 8.42 0.06 0.10 22.40 3.30 19.63
ZK22-13 0.28 39.00 1.50 0.80 0.10 13.40 0.10 0.03 14.15 1.50 30.28
ZK22-11 0.21 39.00 1.50 0.57 0.07 12.60 0.08 0.03 15.10 2.15 28.86
ZK22-10 0.38 4140 1.90 0.66 0.13  10.60 0.06 0.05 19.00 1.79 24.45
ZK22-9 0.35 4730 2.90 0.68 0.11 6.11 0.04 0.13 27.90 1.12 14.48
ZK22-8 0.25 39.00 1.60 0.50 0.08 12.75 0.07 0.04 15.00 2.01 29.02
ZK22-2 0.83 4380 2.40 1.02 0.28 7.99 0.06 0.09 23.70 2.03 18.41
ZK22-1 0.23 19.05 0.65 0.06 12.50 0.10 0.01 1.06 38.43  27.61
2 2 2 SYREE 2
- - - -6 -6
3 YREE 334x10° 1057x10° 543%10° 4 YREE 403x10° 601x10
488x10° 5 6 YREE 93x10° 857x10° 449x10° 7 YREE 107x10° 663x10°
- - - - -6
333x10° 8 YREE 97x10° 731x10° 257x10° 9 YREE 489x10
- - - - -6
830x10° 655%10°° 10 YREE 132x10°  561x10°° 290%10 11
YREE 803x10° 871x10° 837x10°°
SREE 543x10°° SREE
- - -6
488x107° SREE 290x10° SREE 746x10
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Table 2. Analyses of REE of phosphorites and wallrocks from cores of the No.2204 drill hole

La Ce Pr Nd Sm Eu Gd Tb Dy
ZK22-45 19.53 28.1 2.93 10.54 2.18 1.9 1.94 0.31 1.85
ZK22-43 161.48 208.61 49.76 218.72 41.27 12.22 49.26 7.61 42.22
ZK22-42 205.34 170.55 44.76 203.68 38.17 8.76 45.04 6.44 37.73
ZK22-40 153.22 121.14 30.46 135.37 25.45 5.85 30.63 4.38 249
ZK22-37 40.43 29.57 6.67 29.14 5.29 1.35 6.63 0.9 5.48
ZK22-36 194.11 158.63 41.35 185.73 35.67 8.61 41.16 6.08 36.55
ZK22-35 139.64 121.43 29.73 139.67 26.35 7.66 32.15 4.37 24.87
ZK22-33 30.4 25.01 5.55 25.14 4.28 1.2 5.49 0.85 4.54
ZK22-32 120.56 92.76 20.97 89.49 15.79 4.38 18.53 2.96 15.82
ZK22-30 35.09 29.61 6.48 30.72 5.57 1.6 6.38 0.93 5.12
ZK22-29 172.77 154.07 36.46 160.51 28.66 7.12 32.84 5.18 29.77
ZK22-28 27.8 21.34 4.58 20.65 3.57 0.95 3.99 0.65 3.62
ZK22-25 113.64 76.83 17.64 74.52 12.96 3.08 15.33 2.55 13.91
ZK22-22 189.43 137.17 34.5 146.92 24.21 6.19 30.69 4.72 26.4
ZK22-16 181.55 148.88 45.34 188.36 32.83 7.44 39.53 5.8 34.83
ZK22-15 218.04 171.33 52.82 220.35 39.39 8.76 46.13 7.45 41.56
ZK22-14 176.47 112.78 33.86 137.47 23.47 6.02 29.34 4.69 25.05
ZK22-13 129.63 79.13 22.94 92.66 16.15 3.85 19.75 3.19 16.68
ZK22-11 133.6 83.53 24.47 101.03 17.73 4 19.87 3.31 17.72
ZK22-10 185.74 119.87 32.79 137.75 25.61 5.83 28.77 4.51 26.23
ZK22-9 189.7 155.17 45.97 190.74 35.28 8.18 40.07 6.34 36
ZK22-8 141.76 90.04 24.98 103.2 19.09 4.2 23.52 3.44 20.28
ZK22-2 121.67 109.61 30.99 137.14 25.76 591 30.58 4.3 26.33
ZK22-1 5.92 5.8 1.15 4.97 1.06 0.22 1.13 0.16 1.04

Ho Er Tm Yb Lu Y YREE YREE+Y Ce/Ce’
ZK22-45 0.36 1.19 0.17 1.46 0.17 12.98 72.61 85.6 -0.13
ZK22-43 8.94 23.61 2.75 14.48 1.73 158.68 842.67 1001.35 -0.29
7ZK22-42 7.78 20.6 2.22 10.89 1.22 135.01 803.17 938.18 -0.43
ZK22-40 5.17 13.83 1.57 7.95 0.94 211.27 560.86 772.13 -0.44
ZK22-37 1.17 3.12 0.38 2.13 0.25 59.4 132.51 191.91 -0.45
ZK22-36 7.55 20.3 2.18 10.12 1.19 135.24 749.23 884.47 -0.44
ZK22-35 5.05 13.39 1.47 7.35 0.85 199 553.97 752.97 -0.41
ZK22-33 0.98 2.67 0.31 1.9 0.22 43.33 108.55 151.88 -0.41
ZK22-32 3.78 9.71 1.12 5.8 0.62 159.6 402.3 561.9 -0.43
ZK22-30 1.15 3.46 0.41 2.17 0.29 56.88 128.98 185.86 -0.41
ZK22-29 6.31 17.43 1.8 9.39 1.07 121.58 663.37 784.95 -0.39
ZK22-28 091 2.57 0.3 2.05 0.24 44.96 93.22 138.18 -0.43
ZK22-25 3.38 8.61 1.02 5.44 0.6 171.77 349.51 521.28 -0.47
ZK22-22 5.56 16.37 1.91 8.32 1.07 121.29 633.45 754.74 -0.46
ZK22-16 6.61 20.63 2.29 10.41 1.38 156.84 725.88 882.71 -0.45
ZK22-15 8.6 24.89 2.67 13.56 1.64 186.98 857.19 1044.17 -0.46
ZK22-14 5.51 15.32 1.74 7.83 1.04 115.11 580.59 695.7 -0.52
ZK22-13 3.83 10.82 1.2 6.11 0.77 166.73 406.7 573.43 -0.53
ZK22-11 3.83 11.14 1.19 5.93 0.85 175.92 428.2 604.12 -0.52
ZK22-10 5.48 14.22 1.82 8.49 1.17 113.58 598.3 711.87 -0.51
ZK22-9 7.69 20.31 23 12.1 1.45 159.65 751.31 910.96 -0.44
ZK22-8 4.38 12.03 1.4 7.06 0.89 169.44 456.27 625.71 -0.51
ZK22-2 5.71 15.27 1.77 9.18 1.13 120.09 525.37 645.46 -0.42
ZK22-1 0.2 0.6 0.07 0.34 0.05 11.3 22.72 34.02 -0.34
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