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Abstract: Rare earth fluoro-carbonate minerals are the most important LREE-bearing minerals in industrial de-
velopment. Accurate determination of the chemical composition of calcium rare earth fluoro-carbonates is a pre-
requisite for rapid identification of their species and an essential requirement for studying the genesis of rare
earth deposits and the efficient development and utilization of rare earth resources. In this study, by optimizing
the experimental conditions, direct determination of carbon content with a subsequent calibration, we have im-
proved the quantitative analytical method for accurately analyzing the chemical composition of calcium rare

earth fluoro-carbonate minerals using an EPMA. The calibration calculation of carbon content in the samples
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was performed using both theoretical crystallochemical formula and charge balance methods, and the results

showed that the theoretical crystallochemical formula method yielded more reasonable results. Based on compo-

sitional analysis by EPMA and structural analysis by Laser Raman Spectroscopy, Jinchuan syenogranite com-

prises at least two species of calcium rare earth fluoro-carbonate minerals. The predominant phase is synchysite,

the minor phase that exhibited as radial needles is parasite or roentgenite-(Ce). Based on the mineral paragenesis,

it is believed that the calcium rare earth fluoro-carbonate minerals in the Jinchuan syenogranite are formed dur-

ing the post-magmatic stage due to the metasomatism of apatite by F~, CO,, and REE*'-rich fluids.
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syenogranite
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Tab. 1 Chemical composition of four common calcium rare earth fluoro-carbonate Minerals
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Tab. 2 Analytical crystal selection and element detection limits for calcium rare earth fluoro-carbonate in EPMA analysis

3T IR TP b 1A o B (10°°) I3 R LT REN it BR (107
F LDE1 344 Ce LiF 819
C LDE2 1654 Pr LiFH 913
Mg TAP 96 Nd LiFH 812
Fe LiF 303 Sm LiFH 871
Ca PETH 80 Eu LiFH 916
U PETH 226 Gd LiFH 972
Th PETH 206 Y TAP 272
La LiF 923 Zr PETH 233
®3 SNERKERNEPEFLABRBRRTYBFRIIWERR (%)
Tab.3 EPMA results of calcium rare earth fluoro-carbonates in Jinchuan syenogranite
(=3 Wiy K1 H2 A3 H4 H5 K6 H7 H8 9 H10 H11 E12
F 5.97 7.83 710 7.8 629 791 737 685 829 563 561 694
CO, 24.34 25.68 28.83 24.66 23.17 2726 2637 25.14 23.55 22.03 2225 2218
MgO - 0.06 0.01 0.03 0.02 0.10 0.02 - 0.02 - 0.02 0.02
Gd,0, 0.31 0.22 1.84 1.82 1.66 - 0.59 0.42 0.64 0.31 - -
Eu,0; - 0.26 - - - - - - - - - 0.11
FeO 3.02 8.23 0.35 1.95 1.48 1.87 1.17 0.62 2.86 0.55 3.03 3.03
Sm,0, 0.64 0.10 40.88 0.74 0.47 0.59 1.19 0.47 1.11 1.03 0.13 0.92
Pr,0; 2.04 2.09 3.11 2.19 2.74 2.03 2.23 2.17 2.58 2.57 2.28 2.52
S Ce, 04 26.26 23.80 24.01 20.86 2298 21.69 2143 2514 2258 2423 2291 24.53
La,0; 15.21 11.75 9.07 15.31 13.10 11.48 10.09 12.87 7.91 11.51 11.97 1097
CaO 12.19 8.98 15.62 15.83 15.91 18.59  18.75 18.55 17.53 19.04 1632 17.17
uo, 0.04 0.07 - 0.04 0.08 0.15 - 0.02 0.10 0.05 0.02 0.09
ThO, 2.54 4.61 2.23 4.44 342 2.19 1.56 1.03 3.41 1.75 2.31 0.60
Nd,0, 7.22 6.85 12.74 5.98 7.47 6.61 9.62 6.33 10.37 8.23 7.92 8.24
Zr0, - 0.06 - 0.06 - - - - 0.06 0.02 0.07 -
Y,0; 0.63 0.24 1.03 0.45 0.39 0.55 1.55 0.43 0.81 0.73 0.48 1.12
Total 97.88 97.52 103.81  98.52 96.52  97.69 9883 97.16 98.33 9530 9299 9550
> REE,0, 52.29 45.30 52.66 47.35 48.81 4295 46770 47.84  46.00 48.61 4574  48.41
WA TR CozlI 25.90 25.09 26.97 27.10 27.05 27.79 2834 2795 2848 28.65 2738  28.52
Total 99.44 96.93 101.95 100.96 100.40 9822 100.80 99.97 103.26 101.92 98.12 101.85
05 5 5 COZZZ 26.45 22.89 26.18 25.90 2688 2479 2638 26.62  25.66 2896 2744 27.14
Total 99.99 94.72 101.16  99.76  100.24 9523 98.84 98.64 100.44 10224 98.18 100.46
oWy A JE F 50 Par/Roe  Par/Roe Syn Syn Syn Syn Syn Syn Syn Syn Syn Syn
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Fig. 1 Characteristics of calcium rare earth fluoro-carbonate in sample
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Fig.2 Comparison between measured values and

correction values
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Fig. 3 Raman spectra of calcium rare earth fluoro-carbonates
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