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Table 1 ~ Total trace elements compositions of aegirine — augite and arfvedsonite in different period fenitization veins from the
Maoniuping deposit, analyzed by ICP — MS
- SIMEA (x107°) BRI (<10 7°) AT (x107%) BRI A7 (x107°)
e BAgtl BAgt2 BA1 BAM2 HAgtl HAg2 HAf1 HA2
Ti 843 564 216 395 1645 589 489 162
Rb 72.1 13.0 28.9 63.9 97.4 9.84 160 11.8
Sr 173 155 1039 619 114 605 272 1531
Ba 2214 1592 3563 36100 3639 14690 86220 805
Zr 168 118 14.4 28.7 150 169 17.2 13.5
Nb 19.5 12.7 4.21 6.76 47.4 17.7 31.7 3.00
La 71.5 192 27.1 925 572 614 13120 1144
Ce 115 296 53.1 1136 838 879 17170 1270
Pr 16.7 32.7 7.83 103 81 82.9 1401 105
Nd 68.4 116 39.2 312 249 267 3798 293
Sm 14.4 17.3 9.42 33.0 32.2 30.3 267 27.7
Eu 3.74 4.01 2.75 8.44 6.96 6.31 40.4 5.51
Gd 11.1 10.6 9.97 15.1 16.6 14.2 45.8 13.3
Th 1.46 1.34 1.22 2.31 2.24 1.69 6.42 1.84
Dy 7.24 6.53 6.00 12.5 11.3 8.32 43.5 9.80
Y 31.5 26.9 90.7 63.6 49.9 23.3 89.5 120
Ho 1.2 1.02 1.09 2.03 1.72 1.02 2.83 1.44
Er 3.51 2.83 2.94 5.66 4.89 2.65 2.74 3.57
Tm 0.59 0.48 0.38 0.91 0.78 0.46 0.71 0.46
Yb 4.31 3.78 2.14 5.69 5.36 3.83 5.91 2.64
Lu 1.00 0.87 0.37 1.02 1.11 0.98 1.33 0.44
Hf 12.3 10.9 1.06 1.95 10.5 11.3 2.10 0.90
Ta 0.06 0.07 0.07 0.08 0.86 0.14 0.26 0.05
Pb 308 56.5 47.5 209 316 240 484 236
Th 1.60 5.27 1.09 6.28 718 33.8 62.6 8.12
U 5.22 3.03 0.79 13.0 119 18.0 17.80 0.70
> REE 320 685 164 2563 1823 1913 35906 2879
LREE 272 637 127 2476 1740 1843 35489 2812
HREE 9.41 7.96 5.83 13.28 12.14 7.92 10. 69 7.11
LREE/HREE 28.91 80.03 21.78 186.45 143.33 232.70 3319.83 395.50
Lay/Yby 16.6 50.8 12.7 163 107 160 2220 433
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HREE y 143. 33 ~232. 70, La,/Yb, }y 107 ~ 160,
Kb MR TN A Y A S R T R AL R R : La
Gl 1144 x 107° ~ 13120 x 10 °°, Ce & & 1270
x 107% ~ 17170 x 107 °, SREE J 2879 x 10°° ~
35906 x 10 °,LREE 4 2812 x 10 ™® ~ 35489 x 10 ~°,
LREE/HREE Jj 395. 50 ~3319. 83, La,/Yb, }y 433
~2220(F 1),

3.2 LA -ICP-MS jfljAss

2% LA - ICP — MS Y3538 , Toi™ ik h 55 A 1
JEA AR C B 4L S La iy 8.88 x 107° ~
10.2x10°°,Ce &R 44.4x10°°~49.3 x10°°,
YREE 140 x 10 ° ~ 155 x 10 °, LREE 3} 121 x
10°° ~ 133 x 10 °, LREE/HREE Jj 6. 08 ~ 6. 60,
Lay/Yby Ay 1.63 ~1.86, Jo# [k &Mk IN A (1) I or
TR GRS La N 2.32 x107° ~2.62 x
107°,Ce &H79.03 x107° ~10.5 x 10™°, SREE
#724.3 x107° ~27.5 x10"°, LREE 4 20.9 x10°
~24. 4 x 10°°, LREE/HREE %} 6. 23 ~ 7. 91,
Lay/Yby}1.23 ~1.88(32),
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Table 2 In situ trace elements compositions of aegirine — augite and arfvedsonite in different period fenitization veins from the
Maoniuping deposit, analyzed by LA —ICP — MS
. THEA (<10 70) BYEIN A (<0 %) FHEAT (10 ) HYERINA (10 76)
LR La-BAgtl La-BAgi2 La-BAgt3 La-BAgi4|La-BArfl La-BArf2 La-BArf3 La-BArf4 [La-HAgtl La-HAgt2 La-HAgt3 La-HAg4|La-HArfl La-HArf2 La-HArf3 La-HArf4
Ti 292 298 305 313 400 420 507 255 692 488 658 653 484 312 438 249
Rb 0.04 0.06 0 0 6.9 7.58 5.79 8.17 0 0 0.05 0 6.01 7.85 7.03 8.10
Sr 194 181 187 194 97.1 105 104 105 182 167 169 158 54.9 98 96.3 94.1
Ba 0.03 0 0.14 0.05 1.09 0.85 0.86 0.79 0.26 0.44 0.01 0.38 7.15 3.07 4.96 4.99
Zr 167 164 128 133 13.7 10.0 14.8 9.70 144 124 141 155 31.9 12.2 11.5 1.1
Nb 0.16 0.15 0.29 0.16 2.60 1.04 2.23 0.37 0.34 0.2 0.41 0.36 3.96 0.63 1.42 0.51
La 10.2 9.16 8.88 9.32 2.60 2.62 2.48 2.32 9.52 8.94 9.42 11.7 1.95 2.49 2.50 2.49
Ce 49.3 44.4 44.9 46.4 10.5 10.3 9.52 9.03 47.5 43.9 45.7 56.9 9.22 9.86 9.73 9.68
Pr 9.20 8.75 8.55 8.61 1.67 1.54 1.63 1.44 8.48 8.1 7.85 1.1 1.61 1.49 1.54 1.49
Nd 50.6 48.0 45.8 48.4 7.90 6.77 6.86 6.57 45.7 42.1 41.1 60. 1 7.70 7.04 7.39 6.78
Sm 11.2 11.6 10.4 11.2 1.37 1.25 1.24 1.32 9.33 8.42 8.42 12.7 1.61 1.63 1.44 1.07
Eu 2.86 2.73 2.73 2.69 0.37 0.31 0.31 0.27 2.28 2.16 2.01 3.35 0.50 0.29 0.39 0.29
Gd 7.91 7.11 7.05 7.23 0.71 0.83 0.63 0.81 5.64 5.80 5.07 9.23 1.11 0.71 0.85 0.75
Th 0.87 0.91 0.80 0.80 0.11 0.07 0.10 0.08 0.60 0.64 0.55 1.05 0.13 0.09 0.10 0.06
Dy 4.61 4.34 4.08 4.06 0.55 0.37 0.49 0.37 3.26 3.24 3.12 5.62 0.73 0.50 0.43 0.36
Y 13.4 13.2 12.5 12.6 1.65 1.65 1.56 1.70 10.6 9.7 9.76 14.8 2.97 1.74 1.96 1.73
Ho 0.65 0.68 0.66 0.55 0.08 0.08 0.08 0.06 0.48 0.49 0.48 0.88 0.11 0.08 0.08 0.07
Er 1.68 1.95 1.45 1.60 0.27 0.20 0.20 0.31 1.55 1.30 1.15 2.11 0.31 0.21 0.33 0.39
Tm 0.37 0.35 0.30 0.35 0.08 0.09 0.08 0.08 0.27 0.25 0.24 0.36 0.08 0.08 0.09 0.09
Yb 4.29 4.04 3.65 3.6 0.99 1.24 1.37 1.35 3.22 3.08 3.27 3.61 0.84 1.35 1.14 1. 11
Lu 1.23 1.10 0.91 0.97 0.30 0.35 0.36 0.31 0.82 0.69 0.81 0.84 0.20 0.36 0.34 0.32
Hf 12.2 12.2 9.67 9.88 1.02 0.90 1.10 0.49 11.2 12.0 10.9 11.1 8.02 1.08 1.25 0.68
Ta 0 0 0 0 0 0 0.02 0 0.02 0.02 0.03 0.01 0.11 0.01 0.04 0.02
Pb 2.62 2.37 2.21 2.37 3.92 3.11 4.04 3.30 2.23 2.11 1.98 1.95 3.56 3.38 3.94 5.94
Th 0.01 0.01 0.02 0.01 0 0 0 0 0.01 0.01 0.01 0.04 0.03 0 0 0
U 0 0 0.01 0.03 0 0 0 0 0 0 0 0.01 0.03 0.01 0.01 0.01
SREE 155 145 140 146 27.5 26.0 25.3 24.3 139 129 129 180 26.1 26.2 26.3 24.9
LREE 133 125 121 127 24.4 22.8 22.0 20.9 123 114 114 156 22.6 22.8 23.0 21.8
HREE 21.6 20.5 18.9 19.2 3.09 3.22 3.31 3.36 15.8 15.5 14.7 23.7 3.51 3.37 3.36 3.14
LREE/HREE 6.17 6.08 6.42 6.60 7.91 7.07 6.65 6.23 7.75 7.34 7.79 6.58 6.44 6.71 6.85 6.93
Lay/Yby | 1.70 1.63 1.75 1.86 1.88 1.52 1.30 1.23 2.12 2.08 2.07 2.33 1.67 1.32 1.57 1.61
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Determination of Trace Element Compositions of Altered Minerals in
Fenitization Veins by Inductively Coupled Plasma — Mass Spectrometry

GUO Dong —xu', LIU Yan®* , LI Zi —jing’, SUN Dong —xun', WANG Hao'
(1. Core and Samples Center of Land and Resources, China Geological Survey, Sanhe 065201, China;
2. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China)

HIGHLIGHTS

(1) Fenitization can be used to fingerprint carbonate — related REE deposits.

(2) In situ trace element data of aegirine — augite in fenitization veins can be used as a geochemical index for
mineralization.

(3) High REE flux in the fenitization vein was one of the factors forming a number of REE minerals.

(4) Combining whole rock trace, in situ trace and photomicrograph analysis improved the understanding of

geological phenomena.
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ABSTRACT

BACKGROUND: In recent years, whole — rock inductively coupled plasma — mass spectrometry ( ICP — MS)
trace and in situ laser ablation — inductively coupled plasma — mass spectrometry (LA — ICP — MS) trace element
analyses have been increasingly more widely used in the field of earth sciences. Fenitization is a common type of
alteration in carbonate — type rare earth deposits, but the relationship between the trace element characteristics of
altered minerals and rare earth mineralization is not clear.

OBJECTIVES: To better understand the relationship between fenitization and REE mineralization in the
Maoniuping deposit as well as to provide references for prospecting carbonate — related (including alkaline rock )
REE deposits.

METHODS: Trace elements for aegirine — augite and arfvedsonite in different stages of fenitization veins
(ore — bearing or barren rocks) from the Maoniuping deposit, Dagudao area were analyzed by ICP — MS and
LA -ICP - MS.

RESULTS: In situ trace elements of aegirine — augite in different stages of fenitization veins showed that La/Nd
(0.19-0.23), LREE/HREE (6.58 =7.79), Ce/Nd (0.95-1.11), (La)/(Yb),(2.07 =2.33) values of
aegirine — augite in ore — bearing veins were higher than those of barren veins.

CONCLUSIONS ; Compared with whole rock trace elements, high contents of La, Ce, LREE, ZREE in mineral
veins, strong differentiation of light and heavy rare earths may represent fenitization — related fluid with high rare
earth flux. The occurrence of fenitization veins and the whole — rock trace and in situ trace geochemical indicators of
aegirine — augite in veins may provide references for the prospecting and exploration of carbonate — type rare earth

deposits.

KEY WORDS: Maoniuping; fenitization; alteration; trace elements; aegirine — augite ; arfvedsonite
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