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Abstract: The Cambrian life explosion is closely related to the redox environment of plaeoocean, and the Lower Cam-

brian phosphorite in the Upper Yangtze Block has recorded a relatively complete information of the Early Cambrian.
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The Yangchang phosphate deposit in western margin of the Yangtze Block is a super-large phosphate deposit occur-
ring in the Meishucun Formation of the Lower Cambrian, which can reconstruct the paleomarine environment of this
period. In this paper, ICP-MS and other techniques were used to analyze the elemental geochemical composition
characteristics of the phosphorite and its surrounding rocks and explore the geological environment of the Yangchang
phosphate deposit. The results show that the CIA value of phosphorite is 46. 40~65. 60, with an average of 57. 43,
indicating that the weathering degree is low, the total amount of rare earth element (XREE) in phosphorites in this
deposit is relatively low (140.0x107°~237.4x10°®), but yttrium is relatively rich (87.0x107°~183.2x10™°). The
North American standardized rare earth distribution pattern is relatively flat, the LREE/HREE is of 4.22~7. 50,
shows that the diffrernce of light and heavy rare earth elements is not obvious, with obvious Ce negative anomaly
(0.22~0.42), Eu anomaly is not obvious with 6Eu of 0. 90~ 1. 21, and U/ Th ratio of 2. 55~27.68, which
reflect that the phosphorite was affected by a certain influx of hydrothermal fluid during the sedimentary of phos-
phorites. Combined with the analysis of 6Ce, V/Cr, Y/Ho, Sr/Cu and other elements, it is indicate that from the
bottom of Dengying Formation in the Sinian Period, to the phosphate-bearing layer Cambrian Meishucun Formation,
to the upper cover Niutitang Formation, the ancient ocean redox environment changes from the relative reduction
environment at the bottom to the oxidation environment upward until the top becomes the relative reduction environ-
ment. The paleoclimatic environment is cold and dry-warm and moist alternatively appear. The salinity of ancient
seawater is the evolution process of salt water to semi-salt water to salt water to fresh water. The above analysis
shows that the phosphorite deposit in a relatively oxidized saline water and arid climatic environment, and the
climatic environment is relatively arid during sedimentation, and may be affected by the influx of hydrothermal fluid.
Key words: phosphorite; Meishucun Formation; sedimentary environment; Yangchang phosphate deposit; western
margin of the Yangtze Block
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Fig. 1

Sketch map of the paleo-tectonic framwork in Early Cambrian Meishucun Stage of Eastern Yunnan-Southwest Sichuan

(a, modified by Yue Weihao et al. , 2022) and tectonic map of South China(b, modified by Song Mingwei et al. , 2023)
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Fig. 2 Sketch geological map of the Yangchang phosphate mining area( modified from Yunnan Geological Survey Institute, 2023)
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1—Meitan Formation; 2—Section 2 of Loushanguan Formation; 3—Section 1 of Loushanguan Formation; 4—Gaotai Formation; 5—Qingxudong

Formation; 6—Jindingshan Formation; 7-—Mingxinsi Formation; 8—Niutitang Formation; 9—sampling hole and number; 10—Yangchang anticline ;

11—-exploration line location and number; 12—stratum occurrence; 13—normal fault and number; 14—fault of unknown nature
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Fig. 3  Geological profile map of No. 0 exploration line in the Yangchang phosphate mining area( modified from Yunnan
Geological Survey Institute, 2023)
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a—agrey gravel sandstone phosphorite; b—Dblack sandstone phosphorite; ¢—black with gray strip sandstone phosphorite; d—glitter containing

phosphate limestone ( sandstone structure) , transniitting crossed polarized ; e—orthogonal rock (gravel sandstone structure) , transmitting crossed

polarized ; f—calcium-containing of sandstone phosphorite ( sandstone structure) , transmitting crossed polarized; Cal—calcite; Clh—collophane ;

Qtz—quartz

Tk, ELARSERAE Ay - AE i FH G 7K T B0 R L + O 0 7
TRAV A B, DARS IRy A A6, A Sk 2 2
SRR AR S BHAR AR AR ) s ) 1% Joit o
Fely 1:10, FEMEEENL b 1 150~ 1 250°C KR, il sk
BEFE R SRIGHE X TR EIETEAL &, 20
JCE I FHERIE o F 80K 1E T0 3 (8] A IR AT 36 588 55
N7, MR G5 5 B THR A B4 1 B it T R
ORI AR iCAP-RQ HLJEGHE 5 55 25 1 IR BT
XGY-1011A BUFFH I CRET 801w Y 1 K IGHHE S
G SITAEEER T 5% , BARTRAE Jy . FREX 0. 250 0+
0.000 2 g ¥ & TR VOIS, A HNO, +
HCI+HF+HCIO, , in 35 , e T, & T 468 i $ui
AR T M EKRI, & 205, €4 25 mL,
W RE 10 5, 25 FH o K PRI & 45 B IR i AU L
T 30 min, AL SR AL, R S5 AR TR )
TR, WRYEE R R E SRS LR, TS TER
A, BEFRM T At BRI 25 15256,
FIT MR FHLES K iCAP-RQ H B 445 8 Tk
B A, EARERAE Ay - MERH AR IBCHE T34 0. 250 0+
0.000 2 g TG LM et 26518 - S R -
R oy itk 2R S IR IT 78 R BIR T, E/KHRE, &

I T, E R, MR R O A5 B T AR TS X
(ICP-MS) I 5E , AR 4f5 A o LL 5 2 5 e BE I K &%, 1T
FAARE R Lo R S BRI ALY B a0 &
BE )R B A B AOWU 23 5286, ARG TR
AT
8Ce=Cey/ (LayxPry)"’
SEu=Fu,/(SmyxGd, )"’
Horp N 7R AU 36 DU B3 AL XU {EL (Haskin et al.
1968) .

3 riraii

3.1 FETEAN

LYW IRIEHCA I FEIA 1 3 o0 2R 4 i
SRR L 1, FESD YC-03~YC-09 fIfk2E o 84
P,0,.Ca0 .Si0, Fl CO,, MU & & FHh 90. 71%,
Hor P,0,+Ca0 11 & il 38. 41%, CaO F-
Y& 26. 96%, Si0, V-3 % &l 41. 08%, Si0,/
CaO {HH 0. 11~39.49(F44 6. 08) ; HK Ky MgO  Fe, 0, |
Al 0, % ,MgO V-2 &% 5 N2. 46% , Fe, 0, V-3 F 2



555 1 Jil 2L T PG PR R A R SR R PR A 4 7 1125

- — - w(P,0,)/% w(X REE)/107% LREEHREE w(Y)w(Ho) ACe dEu wiViwi(Cr)  w{Sryw(Cu)
Fol M e Mot RGO gk| o " 400 300 100 800 1o 20 100 210
| WM [C
i T
Ik e
H - € - leYC-01
B e yC.2
iR e
) KT1
013 - * YC-04
L= ]
[ T~
TP L —
. YC-05
Ps
B THevyco6 | KT2
b o
1
: | * YC-07
L t
rl{ 0TI l
O BG40 — -
& * YC-08
i1 *YC-09 KT3
ST T ¥
| .
T e YC-10 E
1
3
sl e yeqn ¢
s T
| \
s [ s
s 1 T
g 2 11 I TII I T
ST e YO-12 !
[ T T
T
| N
7 1
AP LTI
z | ¢ e YC-13 ‘
|4 T T 1
]EH“E:_?‘T_H Ewmn [ Tlammen [ oz [pitamess: [T emess Epan [ovon|mimmmns
o0 [ | I a

Kl 5 SREE B MOTR & MR R (B 5

Fig. 5 Sampling locations and trends of contents and typical ratio of elements
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Table 1 Major elemental components of phosphate-bearing rocks in the Meishucun Formation of the Yangchang
phosphate deposit
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87.0x10°~183.2x10°° , #4J{H K 134. 1x10°°, Lkt T
BT EEMR L IUR Y EAEE,

DAAGSE DUA BRIEXTE I - S B 7 R i A T A o
fb(E 8b) . M3 3 FIKl 8b Al F i, 3 W i b
7 (YC-03 ~ YC-09) Fi + 70 2 L 73 R AiE SEAS A AL .
M i o0 K B 4 il 26 A0 0 22 WA B S 6% 1)
£, LREE/HREE {8~ 4. 22 ~7. 50, SF-44{E K 4. 98,
IR IR S ER LR MBI, @ 8Ce
{H40.22~0. 42, F¥{H K 0. 33, B 1 11 55 45
@) SEu {5 0.90~1. 21, F3{E K 0. 99, Hy 55 1 3
-HEEIERE . FOEET BEYCA R LT R BRI
SR 5 BRRBE BN AL, U8 B e A + T
RGBT, e R F A B iy ),
FEBRBEH A XS HABED IR Ce S8 AIXTAE/N

W AR TIN5 R D 5 B i (YC-01,YC-02) #i +
JLEM L (14 8a) FRE. O i 0 K/ Hh 4k
BV, AT W g i ) ¢4, LREE/HREE {E°4 6. 52
~7.31, F¥E R 6. 92 Ui M ot R S EM -
FNSAK, @ 8Ce N 0.75~0. 80, FH{EH Ky
0.78, HE A% ; @ 6Eu {4 0.96~0. 98, FH{H
0,97, KE T SE Y RGBT e
T B o 3R LRI R L

AR BBl AT = AR (YC-10,YC-11) 5 £
TEEEST L (K 8c) FrE. O Fi oK E 4 ih
W& [a] 22460, LREE/HREE {64 3. 15~3. 85, F¥{EH N
3.50, R\AHFEM Lo R 5 EM L0 R R
TEWER; @ 6Ce [l 0.43~0. 46, HH B 17 57
Hy @ SEu N 1. 11~1.22, 4 E S, B IR ws
W IR LA LT R B s th AR P22, H Ce 5%
L E 571 R

FRATRA A = AR (YC-12,YC-13) Hi -0t
FHCAT N (& 8d) FEAE . O 5 o ZE Be 4 il 2 4H
X}F-2%  LREE/HREE {8} 6. 31 ~6. 45, & %4 +
TR SHEM L ITTR MRS, @ 6Ce fHH 0. 69 ~
0.70, B 54, @ SEu il 0.98~1.03, M5 5
WG IESH

SR L BRSO BT Ab A RERT B A &
oA I T R BB & LREE/HREE {8, # %
R R OO TN B AR, T AR IR
KR4 A o B T A o i e 1 31 T e o
Wb A1) LREE/HREE {8 .6Ce {4 & FEHTHE
kR (R 3 K 5),
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Table 2 Analysis results of trace elemental compositions in the phosphate-bearing rocks of the Meishucun Formation

of the Yangchang phosphate deposit

ATk byl W JE IR RS JE AR BRI FBUIRBE B HRH= A Aok
(T5iAR) (KT1) (KT2) (KT3) (IEHR) (JTS24)
S veol YC-02 YC-03 YC-04 YC-05 YC-06 YC-07 YC-08 YC-09 YC-10 YC-11 YC-12 YC-13
Ba 1111 1075 308 298 1438 238 651 637 463 1116 942 705 937
Be 2.33 2.45 2.25 2.08 2.49 1.94 1.32 0.72 0.58 0.69 0.18 0.59 1.00
Bi 0.30 0.30 0. 05 0.09 0.01 0.01 0.01 0.01 0. 06 0.12 0.04 0.05 0.06
Cd 3.22 1.31 0.04 0.27 0.05 0.03 0.03 0.42 0.07 9.51 0.91 1.12 2.11
Co 18.50 17.00 3.12 3.78 1.33 2.02 2.05 4.24 1.32 2.98 2.86 7.63 4.00
Cs 11.90 13.90 0.61 1.15 0.17 0.20 0.18 0.67 0.31 1.55 0.47 0.55 0.80
Cr 210.0 146.0 <5.0 42.9 25.3 21.5 32.0 113.0 42.5 570.0 98.5 <5.0 54.6
Cu 69. 00 54.80 4.52 7.65 7.00 8.24 6.67 30.70 16. 60 104.00  34.80 19. 60 27.00
Hf 5.35 5.69 1.91 3.62 7.35 5.73 5.28 1.34 2.94 0.57 0.54 0.92 0.73
Li 20.70 20.70 35.90 35.10 3.31 1.96 3.55 8.79 3.39 5.46 3.36 7.81 7.82
Mo 28. 60 28. 60 0.86 2.86 2.15 2.08 3.43 7.60 3.25 18.50 4.70 63.00 107. 00
Nb 13.00 13.00 1.48 1.24 0.45 1.77 0.59 0. 69 1.41 1.17 1.82 2.54 2.43
Ni 166.0 118.0 14.5 20.0 16.3 17.0 21.0 40.5 27.5 68.5 29.6 70.1 83.4
Pb 30.9 20.3 30.2 25.5 29.3 27.6 15.6 102.0 45.0 82.8 124.0 18.5 15. 4
Rb 124.00  128.00 11.70 14. 60 2.43 3.07 3.16 7.27 5.20 11.70 7.30 12. 80 12. 60
Sb 4.26 4.26 2.65 3.91 2.69 1.76 1.28 7.06 3.73 15.46 3.56 2.36 3.18
Sn 2.59 2.45 0.40 0.32 0.22 0.33 0.20 0. 86 0.54 1.29 1.12 0.50 0.65
Sr 138 127 889 747 1415 970 1166 608 956 480 180 552 328
Ta 1.15 2.31 0.17 0.24 0. 11 0.12 0.11 0.10 0.19 0.08 0.18 0.11 0.13
Th 12.90 10. 80 2.23 1.52 0.89 1.27 0. 80 1.25 0.95 1.86 1.58 2.78 2.86
Tl 6.25 2.27 0.44 0.15 0.07 0.08 0.05 0.41 0.29 0.48 0.38 1.38 1.69
U 34.20 22.30 5.68 11.30 14.90 7.69 19. 60 34. 60 25.30 29.30 6.83 85.60 148. 00
\Y 897.0 850.0 17.6 62.0 18.4 17.0 59.5 364.0 61.3 1713.0 68.8 236.0 491.0
W 1. 64 1.48 0.49 0.56 1.14 0.39 0.47 0.96 0.76 1.17 1.33 1.59 2.28
Zn 320.00  208.00 13.60 29.30 6.19 6.59 6.19 159. 00 16.30  383.00 216.00  52.30 82.50
Ag 0.88 0.88 0.24 0.23 0.11 0.34 0.25 1.56 0.88 6.85 2.11 1.07 1.09
Zr 154.0 154.0 58.3 56.7 77.6 50.8 58.3 25.8 38.6 17.5 20.2 29.9 24.1
As 81.9 42.6 27.7 43.5 20.4 27.5 14.3 62.6 21.0 43.4 25.7 22.7 23.8
Hg 0.28 0.12 0.62 0.48 0.22 0.12 0.11 0.35 0.24 0.55 0.29 0.23 0.22
Sr/Ba  0.12 0.12 2.88 2.51 0.98 4.08 1.79 0.95 2.06 0.43 0.19 0.78 0.35
V/Cr 4.27 5.82 - 1.44 0.73 0.79 1.86 3.22 1.44 3.01 0.70 - 8.99
U/Th 2.65 2.06 2.55 7.47 16.78 6. 06 24.45 27.68 26. 54 15.75 4.32 30.79 51.75
Sr/Cu  2.00 2.33 196.58  97.68  202.06 117.73  174.88 19. 80 57. 47 4.62 5.18 28.16 12. 14

T =" MR TARIER

4.1 BITEEENE

AHLE T D3 LA A A6 A A B S SE i
B H A + 0K S (SREE) AR, 5B
FHBEH™ (744 181. 39x107°; B A, 2011) B M2
T, S R B (S5 1 258. 66x10°%; TETF
4, 2023) ik, FARITRAA B (YC-12 & YC-13)

SREE ¥4 43. 6x107° , 5 /4 i A bk T 1 2 7+ ( YC-
10 % YC-11) SREE V¥4 69. 0x107° , T 4~ I 5 21
WD £ (YC-01 % YC-02) SREE 21 137. 6%
10°, MK 5 ATE i, W FIRET R 41 E = 5 2Rk 5 A
T BRI SREE BRI m G R AR s
a5 N (ERSRUNIR 7o Sty DO =%

¥ P05 & &5 SREE #E47 M0 & PE 40 #7, 15
SREE 5 P,0, 2 IEAH XX R (K 9a), #H M R AL
R* 40.597 1, #fEMHG 00 % 1 & £ S5 a1 i
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Fig. 7 Trace element enrichment coefficient of phosphate-bearing rocks of the Meishucun Formation in the Yangchang

phosphate deposit

R3 FHMTEMNESHERREER L TRANER wy/107°
Table 3 Analysis results of rare earth elements in phosphate-bearing rocks of Meishucun Formation of Yangchang

phosphate deposit

A RITHSA B K T e JEAA IR B HREUIRBEYA e b ) Az
(ToitR ) (KT1) (KT2) (KT3) (JEAR) (kT4

5 yeor YC-02 YC-03 YC-04 YC-05 YC-06 YC-07 YC-08 YC-09 YC-10 YC-11 YC-12 YC-13

La 27.5 30.0 67.8 72.2 52.4 56.0 89.0 55.4 78.2 15.8 14. 4 11.0 10.5
Ce 47.5 53.9 45.4 48.8 22.8 26.6 32.2 50.2 33.0 15.9 13.6 15.0 14.3
Pr 6.94 7.11 8.12 9.27 6.33 6. 60 11.30 12.10 10.70 3.62 3.24 2.06 1.91
Nd 27.00 27.40 33.80 39.40 26.70 27.00 48.40 56.90 48.90 16.50 15. 60 8.63 8.32
Sm 5.54 5.30 5.07 6.98 4.64 4.82 7.82 13.40 8.29 3.50 3.14 1.49 1.43
Eu 1.12 1.07 1.16 1. 66 1.08 1.13 2.03 3.87 2.36 0.96 0.94 0.35 0.36

Gd 4.71 4.36 6.28 8.59 5.99 6.04 10.10 14.70 11. 60 4.08 3.63 1. 66 1.63
Th 0. 80 0.76 0.90 1.37 1.00 1.03 1.66 2.15 1.68 0.71 0.57 0.27 0.26
Dy 4.82 4.67 5.69 9.33 7.19 7.10 11. 80 12. 60 11. 60 4.86 3.59 1.55 1.51
Ho 0.93 0.94 1.38 2.15 1.72 1.64 3.11 2.62 2.93 1.11 0.84 0.36 0.35
Er 2.73 2.65 3.59 6.08 5.17 4.75 8.38 6.95 7.84 3.22 2.13 0.92 0.90
Tm 0.41 0.49 0.57 0.97 0.80 0.77 1.32 1.06 1.19 0.55 0.36 0.17 0.17
Yb 2.87 2.78 2.71 4.48 3.68 3.62 6.09 4.76 5.35 2.86 1.79 0.90 0.89
Lu 0.47 0.41 0.43 0.60 0.49 0.49 0.87 0.63 0.79 0.44 0.29 0.15 0.15

Y 28.6 28.4 87.0 144.7 128.8 99.1 183.2 127.0 169. 1 43.3 33.2 13.9 13.2
LREE 115.59 124.70 161.40 178.30 113.90 122.20 190.80 191.90 181.50  56.20 50.90 38.50 36.90
HREE 17.74 17.10 21.50 33.60 26. 00 25.40 43.40 45.50 43.00 17.80 13.20 6. 00 5.80
LREE/
HREE
SREE 133.3 141.8 182.9 211.9 140.0 147.6 234.1 237.4 224.5 74.0 64.1 44.5 42.7

6Ce 0.75 0. 80 0.42 0.41 0.27 0.30 0.22 0.42 0.25 0. 46 0.43 0.69 0.70
S6Eu 0.96 0.98 0.90 0.94 0.90 0.92 1.00 1.21 1.06 1.11 1.22 0.98 1.03
Y/Ho 30.74 30. 36 63.25 67.25 74.68 60. 57 58.87 48.47 57.72 39.21 39.76 38.61 37.44
(Ia/Sm)y  0.88 1.01 2.38 1.84 2.01 2.07 2.03 0.73 1.68 0. 80 0.82 1.32 1.30

6.52 7.31 7.50 5.31 4.38 4.81 4.40 4.22 4.22 3.15 3.85 6.45 6.31
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Fig. 8 Rare earth element distribution curves

A, X HE AR 0 R Z KRR FREIE
AT T IEHE 4518 (R 55, 20105 ZKE
5, 2018 K usEaF, 2022) HA—E,

BOE R (1991) XHE AR BT HE4T TWFSE, KA
AR Z AL RE P2 = £ OC R W E SRR Tlyin
(1998) X} Georgina 7 MM He A A 55 LR I, Z8
AL I 5 B B B ) REE B, 58 e 46
(2017) 38 X 5 24 B HCA BURR 187 IR 5T,
& IR AR R X AL B 3 v S 350 L T R N E
£ RIS (2019) XTA G B HUE B 500 SRR X
— e, AT R MIILEF ST La Y LR W
B DIBUE IR IX Ak AL AR B DA R TR TR
A48 S A T 2 Ak 25 T AR 8 5 ( CIA ) Sk S B ( Nes-
bitt and Young, 1982) ., 4 CIA {4 F 50~65 A, 45
TNIFE TR F AL AL, XY CIA {HA T 65 ~85 B,
7 i B 0 114 v B A2 AR, XY CIA fEA T 85 ~
100 B, 5 7 4 $4381 12 11 55 16 % XUAE ( Nesbitt and
Young, 1982), F B KB P A0 CIA {5 R

46.40~65. 60,1 57. 43, Wk LG0T R A
() AR BE AR, DR, IX i e 7 £ e R &
R S BETIRT Re 5 XA E RS A K,
4.2 BERE MSMLITERE

i £ ICE Ce F RIS, BP Ce™ Fl Ce™, FE%H
EH B, Ce™ B A ALTE I CeO, B IF T 7K HXfE AT
TE, T4 B i Ce B 53 5 100 70 {1 480 B0 D 3 455
T,Ce0, MBLIRJF Ce® HEAIKMR, 3 206 K H 255
Ce T 55 B 55 Ce 1E 5% (McArthur and Walsh,
1984; Wright et al. , 1987; FHNIZ:, 1989; i HE
4520045 XL ELE . 2015), HIH, Ce SHA/EN
P BRI B8 AL 8 J 25 7 i AR 3 ( Shields and
Stille, 2001; Yang er al. , 2021; ZEAk5%%%, 2023)
SR, JE A LA VE FH W] RE 22 MU2E Ce S R AIE, filT
8Ce 5 6Eu Z [AI 2B R 47 A AHCHE | 8Ce 5 SREE
Z (] AT R B 2 1% TE AH O HE (Shields and Stille,
2001; EE @S, 2024) , KM, FIFH Ce SR 2N
IS T S5 R I, 5 2225 08 0 A R TR 52
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Fig. 9 Correlation coefficient plot of the phosphate-bearing rocks in the Yangchang phosphate deposit

LGN R H A 8Ce HH 0.22~0. 42, A
i 1 10 S5, e BT HUE TP BT AR SR A B TR
B, W2 TR o iRy b A 8Ce {E M 0. 75 ~0. 80,
HE5 5 R IIE BT 55 S b -39 0 A 5% T
RITHEH IR =% 8Ce fHR 0. 69~0. 70, H.55 1
S B HIY BT 55 E - 55910 R

WH M, EEACIR S P,V G ZUE FIE A
TETHEK T, D34 V L Fe \Mn S0 80 W FHIR 2577
1F ( Calvert and Pedersen, 1993) ; M ZEibR IR EE 1,V
SHIWEASEEREE TURY T, Cr 585
e/ W IBTRIV M A& T U (Sloot et al.
1985) . PR, I V Al Cr Ab2F e 22 5, ] LR
I MR R BE 1 AL IR R 45 . 24 V/Cr fE/DN

T 2.0 B, 55 TR B AT 4 V/Cr [E1E
2.0 2 4.25 Z B WG R AL I TTRERBE ; 1M 24
V/Cr AR T 4. 25 B, A 15 0] $5 7 s 480 0 DT AR R 45
(Ermst, 1970; BFERSE, 2021) , FI8E0 Bib e
1 V/Cr (HALE R 0. 73~3.22( 3% 2) , BB
FIE BT A - E TR A

BEAN, Y/ Ho {2 S B3 35 S8 A0 A8 JRUIR 285 i) o 22
85, R IR P, Y IR BE AL T S AL RS, Ho
b Y B2 5 ik w1 SR A O B O DR 3 it
JIE, X3 B0 Y/ Ho (LI N 5 AH S, 7E Sk AR K A
M TR A AL 1 R AR, SR BE 2 Ho,
M52 Y/ Ho (HFER (1955, 2020) , BHIL, K
IR Y/ Ho {8 7T LUIAE Ry 48 78 Bl ECIR S 19— Ak
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LGB W A Y/Ho (8 3% 58 55, o 48. 47 ~
74. 68, FF 61. 55, H 5 BAR & 4K HLAE (50 ~70)
(e, 2023) FEAR—2, Y/ Ho {E UL I X W R
AR IR T IR IR E A K

ZERTHTINH N RE B2 AT AL U R
W ZFER O, B2 LR A B H 8Ce 4
RSN R (5T ) 83 sk 3Ry
55 1 5 — B B £ R 55 0 S ARk Y/ Ho B
T 2] RN e K5 0 V/Cr f R 3] e
FRARTE R . 2 DXt g A A TR 5 A 1 I 7
ELZRAT 5% AR X 8 R BT | ) - 28 AR A &4 A 4 X6
AALIAEE, 1520 J2 TR 2 355 I8 20 A AE X0 38 S A 5
ML TR, SE B IR HCA OB A T K AR 5%
TR AR A AL A G, 58 F 00 % 214 (3RS,
2002; jifi FAEAE, 2004; FIEAE S, 2019; i d
&, 2019; &5 HE, 20205 TEFMIAE, 2023) R
(ML, 2011) /KB (B J7 %A%, 2021) (B
(IR, 2022)  Thill (RS, 2023) G5 IR
WA Y BT A X SR 0 ol U T R A e AR
—3,
4.3 PKBTIERANSS

FABFZE 2 0, AR FAOK DA 1 8 36 0 N Fi
+IeR B RmBAT  LREE/HREE fH# /) b3 DUA bR
HERC A3 2 A (b i T 7K LA B2 Ce 17 53 SB35 1Y
s A, R K OB R HAA B A o
K8, LREE/HREE HE R, 638 TUA bR ifE B 43
b2 1 A 1R B ., AT Ce PRBR S IE 53 19 45 5
(ERIEE, 1989; 2= HE5 4%, 1995; F B &%,
2024) . BT IRBE A T 1 o0 B4 il e A X
T, HAMHE R Ce i R H (0. 22 ~0. 42),
LREE/HREE {H&K (4. 22~7.50) , i e g B
TEAHBOK TUBURRIE . AR TSN ¢ o M b 5 T R
Be A il 2630 T K, A Ce 55 i 5% % (0. 75 ~
0.80) ,LREE/HREE {HAHX 45155 (6.52~7.31) , &M
HARIEHF K IIBSMNG L BRGS0 RIK
Mk 3 1 = e i E e R Loy 2 A2 i, AT B i Ce
1 S (0. 43~0. 46) , LREE/HREE {E %1 (3. 15
~3.85) , % [ W BAT g AR HOK TR RRAIE

Eu 2 Fou R Pl Mot R Z —, R BT
250°CHT, B EE L Eu® BIE AR, LA T T
FRYE # R P W0 Bu IES % SR, 16 1F i
KIREEH Eu HEELL Eu'™ BT X AF7E ( Sverjensky,
1984; XBFL B 4%, 2015; %740, 2020; FhHjihds,

2022; ZEAEGRAE ) 2023) , R, 76 IE # K A EE
VTR, Bu S8 A A8, o 205 0 U H
UNSRAE VAR U B A i OB R v A s A
ARSI R B Eu IES 5, 0] H TS /8 = IR
S5 Wa i S R (PR 1995) o ARG HT
Wb i) SEu (HAE 0. 90~ 1. 21 Z[8], /Rl 55 11 57
WESIE S, 02K A SEu 5 R
0.98, 055 Eu 175 ; M JZIKEEE T H = % SEu
B0 111 F 1. 22,058 Bu IS5 ; MRITRA
Mz 6Eu {20919 0. 98 1 1. 03, 455 Eu 1524
55 Bu IESH , RABE S 07 2 IRAREET A=A
VIR ARAT 5% 20 1 2= 6 7 452 52 1F 1 /K DUAR Y W]
B, AT REAZ Bl — a2 K 6 B 152 ) T A2 T A o
AR = L 7 1= VI O o 813 QU1 AL (18

TE La/Yb- X REE JCRE (B 10) I, XN#ER
IR AT F IR KIgAL 5k A FULRLS X
BAA BAL R A 28 Xk, X R I b2 IR A P S 5
VR TR KT R 5 )2 THUAR e Bk b o or
TULHUA A2 A A X, 26 A HAE 1E 3 ¥ /K Ut
AR A vt T BE 2 B PR TG BhE2 ;B2 IS M
FH = D ORER KT S 4 A = A A FUTRUS X 35
P HON A K UTAR Rt 7 B S A A A A
B, A POKIE NS5 T 00 B s I E
KU,

o
e
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Fig. 10 La/Yb-X REE diagram (after Allegre et al. , 1978)

of the phosphate-bearing rocks in the Yangchang phosphate
deposit
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F1% U/Th (EH KT 1 MR, FEIE R UURUA U/Th
{EN/NT 1(Rona, 1987) . X Fl 22 70 i T HUK L
TR A FR R Ik B0 A 2 R B 45 2 T S 3 ( LR
45 02018; W4AEESE 2022), HFE 2 WA, EEE
W IR A U/Th {8 2. 55~27. 68, F-3{H K 15.93,
FABEH AT A ORI S5

25 LA, OO IX N B A I B A v a2 31—
SEFHAOKTE S E2 A, AT BEARAIL T — 22 B R I
4.4 HEEEH

TR BRI R AW A EEF B
— WA B TR A B A e s ER, fE
DURIRES T, DU i oo R A Az B R 3
(A% M) S 2, HE 6 AR S 119 50 R BB 7 A8 1) b o 4% 14
TARLMRAE, Hod BB AICE R Cr Ni Mn  Cu 55,
HTAISGE M Sr.Pb Au, As 5%, St/Cu B AT LIS /R
SEEA (B, 2012) , — Mk, 24 Sr/Cu
ERTF 10 B, F B A+ 45 24 Sr/Cu [E/NF 10
I, D Feon S (FEARTLSE, 2022)

FEY T R BB 5 ) Se/Ca {HH 19. 80 ~
202.06( % 2) , V44 123. 74, 3 B HIE U A S A0e s
K5 CIA {H M 46. 40~65. 60, V-4 57. 43 45 1F
TFER THRIREE | 5 Sr/Cu H BA B 1 — 2 ik
X5 B AR A s ORI o AR 7 & Ry —
F(H AR, 1989, HIFE, 1990) ; IKFRAT 241 1
A Sr/Cu (BN 12.14~28. 16, CIA {H°4 61. 29 ~
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Fig. 11  Ba-Sr diagram of the phosphate-bearing rocks in the
Yangchang phosphate deposit (after Wang Renmin et al. ,
1987)
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