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Abstract

Trace elements, REE: and radioactive mineral characteristics and chemical composition of Boziuoer alkali
granite in Baicheng of Xinjiang were studied by means of field survey, microscopic observation and electron mi-
croprobe analysis (EPMA). Trace elements, REE and radioactive ores are distributed in alkali rocks, especially
in quartz-diorites and quartz monzonite, Ca, Na are replaced by U, Th, and Nb is replaced by Ti in pyrochlore.
Monazite is rich in LREE, Th, and LREE are replaced by each other. According to the data that La+ Ce>
40% and the ratio of La/Nd is between 1.6 and 4.5, the authors infer that the monazite is related to the hy-
drothermal activity. Xenotime is rich in REE, mainly HREE. The content of Th is higher than that of U. The
Zr/Hf ratio is higher than 60 % , which is consistent with features of alkaline granite. The ratio of Th/U is 0.6,
Th/U>0.4, suggesting that the zircons belong to magmatic type. Rb,O and Cs,O are concentrated in astro-
phyllite. Ca is replaced by Y and Ce in fluorite. The content of U of thorite distributed in zircon is higher than
that of thorite distributed in magnetite. In quartz monzonite, CaO, TiO,, ZrO,, U;Og in pyrochlore, Y,0s in

xenotime, Ti0, in astrophyllite, Ca in fluorite and CaO in bastnaesite are comparatively high in content. In
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quartz-diorites, Ce;Os in pyrochlore, REE in xenotime, Nb,Os, Rb,O in astrophyllite, Ce, Y in fluorite and

La,O5 in bastnaesite are also relatively high in content.

Key words: geology, alkali granite, REE, trace element, mineralogical characteristics, chemical composi-

tion, Boziguoer
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Fig. 1 Regional geological map of Boziguoer area
1—Quaternary diluvial layer; 2—Tertiary conglomerate, glutenite, sandstone and mudstone; 3—Cretaceous sandy mudstone, siltstones felsic sand-

stone and conglomerate; 4—Jurassic mudstone argillaceous siltstones argillaceous shales marl, sandstones carbonaceous shales quartz sandstone,
siltstone» conglomerate, gritstone and coalbed; 5—Triassic conglomerate, medium-grained sandstones argillaceous siltstone intercalated with grit-
stone and conglomerates: 6—Permian Xiaotikanlike Formation: acidic lava, tuff and clastic rock: 7—Carboniferous Gancachu Formation: shallow
and marine carbonate; 8—Silurian marble, limestone, quartz schist’” migmatite and metamorphic siltstone; 9—Silurian Qiongkushitai Formation:
schistose argillaceous siltstone, marble, crystalline limestone, sericite quartz schist» andesitic porphyry, diabase and dacite porphyry:s 10—Late

Variscan alkali granites; 11—Fault: 12—Conglomerate; 13—Marble; 14—Study area
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Fig. 2, Q-A-P diagram of Boziguoer alkali rocks after Liu 2011
1—Quartz-rich granite 2—Alkali-feldspar granite 3—Granite 3a—Syenogranite 3b—Monzogranite 4—Granodiorite 5—Tonalite 6" —
Quartz alkali feldspar syenite 7 °-—Quartz syenite 8" —Quartz monzonite 9~ —Quartz-monzodiorites quartz monzogabbro 10*—Quartz dior-
ite quartz gabbro quartz anorthosite 6—Alkali-feldspar syenite 7—Syenite 8—Monzonite 9—Monzodiorites monzonite gabbro 10—Diorite
gabbro anorthosite TAG= Island arc granitoids CAG = Continental arc granitoids CCG = Continental collision granitoids POG = Post-orogenic
granitoids RRG= Rift-related granitoids CEUG = Continent epeirogenic uplift granitoids OP = Ocean plagiogranite
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Fig. 3" Geological sketch map of Boziguoer showing sampling sites

I—Silurian Qiongkushitai Formation. 2—Marble 3—Silicified breccia 4

Sericite biotite-quartz schist 5—Aegirine granite 6—Alkaline

biotite granite 7—Schistose argillaceous siltstone 8—Fault 9—Sampling location
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Fig. 4 Microphotographs and BSE images of Boziguoer alkali rocks
a. In quartz-monzodiorites; pyrochlore as yellow irregular granular aggregates, in association with fluorite> magnetites bastnaesite and K-feldspar:
b. In quartz monzonite, astrophyllite; fluorite, bastnaesite> monazite symbiosis» and biotites K-feldspar» albite distributed together; c. In quartz
monzonites zircon, bastnaesites astrophyllites riebeckite, albite, fluorite distributed together: d. In quartz-monzodiorites, bastnaesite, zircon:
xenotime, fluorite symbiosis, thorite distributed in zircon as tiny grains: e. In quartz monzonite, thorite and magnetite associated with each other,
and thorite distributed around the magnetite; {. In quartz monzonite> monazite> xenotime, bastnaesite and astrophyllite distributed together,

associated with siderite, aegirine> K-feldspar and others (BSE)
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1
Tablel Electron microprobe analyses of pyrochlore from Boziguoer alkali rocks
w B %
SlOz TIOZ A1203 FezO3 CaO NHZO LEle3 C€203 szOS Tazos ThOZ U;Og Zr02 F
YX2-1715-5-5-1 0.98 2.68 - - 1.30 5.49 1.99 8.37 64.70 0.62 1.83 6.99 - 3.03 97.98
YX2-171S-5-5-2 0.74 2.70 0.08 - 1.58 6.78 2.03 7.64 65.79 0.94 0.98 5.79 - 3.12 98.
YX2-171S-5-5-3 1.22 2.38 - 0.26 1.24 6.28 1.18 6.40 67.07 0.84 - 8.07 - 3.15 98.09
YX2-171S-5-5-4 1.09 2.56 0.05 - 1.29 6.12 0.82 7.91 67.17 0.73 - 7.55 - 3.31 98.60
YX2-171S-5-5-5 0.99 2.40 0.06 0.27 1.45 5.16 1.79 8.05 65.95 1.26 1.01 6.33 0.40 3.24 098
YX2-171S-5-5-6 1.01 2.91 - - 1.37 6.41 2.37 8.46 64.90 1.63 1.42 6.07 0.21 2.98 99
YX2-171S-5-5-7 0.90 2.67 - - 1.13 4.60 0.51 7.34 67.90 1.95 - 6.53 - 4.25 97
YX2-171S-5-5-8 1.09 2.87 0.08 - 1.50 6.21 2.02 8.34 66.71 0.58 1.18 5.17 - 3.11  98.
YX2-171S-5-5-9 0.53 2.94 0.07 0.34 1.57 6.44 1.17 7.97 65.74 1.45 1.36 5.55 - 3.12 98.25
YX2-171S-5-5-10 0.49 2.61 - 0.14 1.70 6.14 1.92 7.57 66.66 1.39 0.8 5.43 0.30 3.07 98.
YX2-171S-5-3-11 0.48 2.69 0.11 0.15 1.72 5.56 2.60 8.35 65.30 1.38 0.70 6.10 0.53 3.15 98.
YX2-171S-5-5-12 0.79 2.57 0.02 - 1.54 4.27 1.71 7.59 67.53 1.05 ~1.18 6.78 0.05 3.14 98.
YX2-171S-5-5-13 1.02 2.14 - - 1.31 4.15 1.21 7.64 67.53 0.95 i 8.57 0.47 3.09 98.
YX2-171S-5-5-14 0.77 2.83 - 0.16 1.42 5.54 1.67 8.12 66.82 1.46 ~0.32 6.93 0.27 3.01 99.
YX2-171S-5-5-15 0.50 2.54 - 0.11 1.48 5.94 2.03 7.65 65.71° 0.91 1.62 7.31 0.17 2.99 98.
YX2-171S-5-5-16 .12 2.72 - 0.21 1.39 5.55 1.81 7.21 66.52 0.67 - 8.33 0.39 3.02 98.
T2-1 1.18 4.36 0.16 0.35 9.35 5.03 - 1:02 64.06 - 0.17 8.67 0.80 3.05 98.20
T2-2 1.04 4.42 0.20 0.35 9.04 4.71 0.51-.1.21 64.06 0.54 1.23 7.62 0.33 3.09 98.35
T2-3 1.07 4.52 0.18 0.21 8.79 3.49 0.21 1.02 64.28 0.67 0.79 10.08 - 3.06 98.37
T2-4 2.07 4.71 - 0.34 8.24 2.11 \ 0.87 64.11 0.76 1.11 10.08 0.31 3.58 98.29
T2-5 0.89 4.22 0.18 - 8.96 5.22°.0.16 1.09 63.44 0.73 0.86 8.38 0.81 3.13 98.07
T2-6 1.33 4.34 0.12 - 9.02 5.42 "0.74 1.43 65.07 - - 7.81 - 3.22 98.50
T2-7 2.92 4.14 0.18 - 8.94 5.31 0.55 1.15 63.19 - 0.64 8.33 - 3.12 98.47
T2-8 1.31 4.20 0.11 T 9:35 35.32 - 1.43 64.44 0.81 0.78 6.33 0.93 3.21 98.22
YX4-207-SLS-1 0.49 4.23 0.03 0.37 8.13 5.47 0.76 2.76 62.97 1.70 - 7.27 0.56 3.37 98.
YX4-207-SLS-2 0.74 4.16 - 0.20 8.04 5.64 1.12 3.62 62.05 1.25 1.18 7.38 0.13 3.22 98.73
YX4-207-SLS-3 1.27 4.05 0.11 0.27 8.37 2.73 0.51 1.78 62.60 1.51 0.76 11.05 0.40 3.18 98.69
YX4-207-SLS-4 0.73 4.31 0.07 - 8.26 5.32 0.42 1.67 62.97 1.76 - 10.72 - 3.02 99.25
YX4-207-SLS-5 0.51 3.68 ©0.07 0.31 8.42 4.70 1.97 1.45 61.74 1.82 - 9.87 0.28 3.26 98.08
YX4-207-SLS-6 2.67 4.53 N 0.33 7.76 3.04 - 1.76 62.63 1.11 1.85 10.53 - 3.01 99.22
YX4-207-SLS-7 0.52 ~4.19 - 0.23 8.44 4.03 0.49 2.45 61.63 1.77 1.15 10.20 - 3.14 98.24
YX4-207-SL.S-8 1.04 4.16 0.03 - 8.84 3.94 - 1.25 63.93 1.53 - 11.31 0.57 2.97 99.57
YX4-207-SLS-9 0.69 "4.33 0.07 - 8.15 4.80 0.48 2.83 64.98 0.95 1.97 6.31 0.66 3.01 99.23
YX4-207-SLS-10 0.85 4.24 0.04 — 834 592 0.54 2.41 63.41 1.77 0.45 6.77 0.47 3.22 98.43
5.4 4% K Na ; Fe Mn 4
Tiz Si4012 2 O OH 3 OH F 4
w NbyOs 0.78% ~3.15% 4 2.20% 3
o) ~ 0 0
w Hf02 0.33 4) 0.94 A) 0.59 4) w Nb205 5.50(%) — 7.52(%) 6.26(%)
w NbO 1.81% ~3.46%
23 w Rb0 2.29% ~ 2.87% 2.55%
2.41% w HIO,  0.10% —~ 0.98%
w Cs0 0.33% —~0.74% 0.56%
0.56% w NbOs w HfO, S ’ ’ ’
w NbyOs 0.32% ~5.67%
55 2.26% w Rbh,O  1.33% ~2.31%

1.87% w Cs,0  0.32%~2.29% 1.40%
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Table 2 Electron microprobe analyses of monazite from Boziguoer alkali rocks
w B %
SO,  ALO;  FeOs CaO P,Os  LaO; Ce0O; Pr,O; Nd,Os  ThO,  UsOg V4,038
YX2-1435-1 1.83 - - - 25.18  20.65 34.56 1.43 6.21 8.17 - 1.03 99.06
YX2-143S-2 1.50 0.07 - - 24.72  19.90  33.81 3.37 6.92 7.76 0.33 1.76  100.14
YX2-143S-3 1.53 - 0.07 - 25.89 19.75 34.67 2.95 6.93 6.45 0.22 0.49 98.95
YX2-1435-4 1.65 0.12 0.73 - 24.67 18.78 34.01 3.27 5.91 8.70 0.55 1.59 99.98
YX2-143S-5 1.91 0.10 0.63 - 25.20  18.97 34.91 2.58 4.64 9.44 - 1.19 99.57
YX1-010-1 1.01 0.06 0.27 - 25.76  17.13  37.54 3.16 6.91 5.87 0.62 1.62 99.95
YX1-010-2 1.26 0.08 0.58 0.14 24.58 17.26  37.49 3.06 6.97 6.17 0.66 1.07 99.32
YX1-010-3 0.97 0.07 0.71 0.11 25.33  18.14 35.57 4.32 7.05 5.48 - 1.47 99.22
YX1-010-4 0.74 0.12 0.43 0.24 27.83 17.41 38.12 1.84 6.86 5.19 - 0.81 99.59
YX1-010-5 0.81 - 0.62 - 27.61 16.24 36.64 2.97 7.80 5.89 0.17 0.88 99.63
YX1-010-2-1 0.94 - 0.72 0.13 27.15 16.88  36.65 3.45 7.02 5.25 - 1.08 99.27
YX1-010-2-2 0.83 - 0.08 0.25 25.67 18.55 37.89 2.23 6.15 5.92 - 1.53  99.10
YX1-010-2-3 0.95 0.08 0.27 0.27 25.71  19.33  36.85 2.02 6.56 7.34 - 1.16  100.54
YX1-010-2-4 1.16 - - 0.27 25.12  18.25 36.84 3.08 6.38 717 - 2.09 100.36
YX1-010-2-5 0.78 0.19 0.22 0.27 27.13  17.54 37.13 2.28 7.63 4.37 - 1.38 98.92
T4-D-1 0.76 0.14 - 0.23 27.04 17.35 36.64 3.75 9.07 2.32 - 2.20 99.50
T4-D-2 0.73 - - 0.08 28.18 16.77 37.64 3.64 9.22 3.006 - 0.69 100.01
T4-D-3 0.33 0.12 0.14 0.30 28.29 16.59  37.37 3.89 9.81 1.66 - 0.76 99.26
T4-D-4 0.70 0.17 - 0.21 28.01 17.53  36.46 2.47 9.39 1.73 - 2.24 98.91
T4-D-5 1.13 0.56 0.59 0.30 27.21  16.94  35.64 4.69 9.25 1.62 - 1.26 99.19
T6-D-1 0.55 0.13 0.22 0.04 27.38 16.42 - 35.59 5.05 9.43 2.64 0.38 1.11 98.94
T6-D-2 1.34 - - - 26.89  17.17 . 36.47 3.19 8.46 3.82 0.25 1.39 98.98
T6-D-3 1.13 0.20 0.24 0.25 27.19 18.54 - 36.36 3.37 8.50 3.53 - - 99.31
T6-D-4 0.85 0.07 - 0.15 26.90- 19.90  36.26 2.39 7.57 3.64 - 1.61 99.34
T6-D-5 0.84 - 0.21 - 26.71 . 18.47  36.00 3.31 8.22 4.20 - 1.30 99.26
3
Table 3 Electron microprobe analyses of xenotime from Boziguoer alkali rocks
w B %
SiO, CaO P,Os Gd,05 Dy,05 Er,O; Yb,05 Y,0; ThO, 710,
YX2-171S-5-1-1 2.27 - 34.52 2.62 8.59 9.24 7.42 35.20 - - 99.86
YX2-171S-5-1-2 0.50 0.20 34.03 2.93 9.86 9.45 7.94 34.62 0.51 - 100. 04
YX2-171S-5-1-3 1.15 0.23 33.17 1.40 8.30 8.97 8.43 34.59 0.12 0.43 98.79
YX2-171S-5-1-4 2.09 0.03 35.14 2.24 7.21 6.25 5.15 40.21 0.65 - 98.97
YX2-171S8-5-1-5 1.78 - 35.19 2.49 8.006 6.19 7.29 38.21 - - 99.21
YX2-171S-Lin-1 3.13 - 32.74 1.78 8.67 11.18 8.57 32.24 - - 98.31
YX2-171S-Lin-2 0.63 0.28 33.10 2.73 9.63 11.00 13.34 27.56 - - 98.27
YX2-171S-Lin-3 3.66 0.07 32.73 2.21 8.51 13.20 14.34 25.27 - - 99.99
YX2-171S-Lin-5 3.14 0.09 33.42 3.00 8.53 13.09 16.01 23.02 - - 100. 30
YX2-171S-Lin-4 1.21 0.22 34.24 1.42 8.99 12.18 14.38 26.31 - - 98.95
YX2-171S-Lin-6 0.88 0.08 35.05 1.66 6.40 8.84 8.29 37.29 - - 98.49
YX2-171S-Lin-7 0.57 - 34.92 2.28 7.96 8.75 7.96 36.91 - - 99.35
YX2-171S-Lin-8 0.65 0.17 34.82 1.65 9.03 10.04 8.05 34.30 - - 98.71
YX2-171S-Lin-9 0.44 0.09 35.14 2.32 8.51 8.48 7.43 35.78 - - 98.19
YX2-171S-Lin-10 0.86 - 34.95 1.83 8.72 10.82 8.06 33.23 - - 98.47
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3
Count. Table 3
w B %
SiO, CaO P05 Gd,O; Dy,04 ErnO; Yb,0; Y,0; ThO, 71O,
T1-LYK2-1 0.56 0.04 33.98 2.61 6.60 9.39 7.85 37.43 0.16 - 98.62
T1-LYK2-2 0.79 0.11 35.68 2.40 5.58 7.52 5.48 41.72 - - 99.28
T1-LYK2-3 0.55 - 35.81 2.85 6.25 7.01 4.94 41.63 - - 99.04
T1-LYK2-4 0.82 - 34.71 2.15 6.27 7.33 4.85 42.97 0.66 - 99.76
T1-LYK2-5 0.66 - 34.35 2.63 6.03 7.85 5.40 42.19 0.22 - 99.33
T1-LYK2-6 0.71 - 35.32 2.81 5.82 7.28 4.96 41.91 - - 98. 81
T1-LYK2-7 0.79 0.01 35.28 2.54 6.05 6.93 4.81 42.16 - - 98.57
T1-LYK2-8 0.57 0.25 35.36 2.55 5.92 6.65 4.99 42.46 0.20 - 98.95
T1-LYK2-9 0.92 - 36.07 1.93 5.24 7.05 5.31 42.12 0.26 - 98.90
T6-LYK2-1 0.98 0.60 33.36 2.72 7.29 5.85 3.40 42.72 - 2.12 99.04
To6-LYK2-2 1.54 0.15 33.45 2.80 6.44 7.91 3.74 42.01 - 1.14 99.18
To6-LYK2-3 0.95 0.03 33.42 3.01 6.82 7.84 4.13 41.90 - 1.26 99.36
T6-LYK2-4 0.80 0.17 36.49 1.92 7.27 6.39 3.60 41.83 - 0.78 99.25
T6-LYK2-5 0.53 0.10 35.38 2.56 6.53 6.28 3.37 43.48 - 0.89 99.12
To6-LYK2-6 1.07 0.04 33.71 2.09 7.44 6.91 3.50 43.04 - 0.83 98.63
To6-LYK2-7 0.85 - 34.64 2.60 7.03 7.43 3.48 42.73 - 0.86 99.62
T6-LYK2-8 0.74 - 34.51 2.82 7.31 7.15 3.46 42.16 - 1.03 99.18
YX4-207-LYK2-1 1.16 0.06 35.51 1.99 2.33 5.93 4.07 48.91 - - 99.96
YX4-207-LYK2-2 1.04 - 36.84 1.41 3.11 5.66 3.95 47.79 - - 99.80
YX4-207-LYK2-3 0.94 0.12 36.20 2.02 3.63 5.32 4.75 46.73 - - 99.71
YX4-207-LYK2-4 0.80 - 36.20 1.22 2.62 5.42 4.19 49.17 - - 99.62
YX4-207-LYK2-5 1.09 - 34.97 1.26 3.55 5.66 4.70 48.52 - - 99.75
YX4-207-LYK2-6 0.82 - 35.16 1.90 3.78 6.17 5.11 46.07 - - 99.01
YX4-207-LYK2-7 0.81 - 36.69 1.51 2.74 4.81 4.48 49.46 - - 100.50
YX4-207-LYK2-8 0.85 0.02 36.04 1.83 3.95 5.34 5.62 46.38 - - 100.03
YX4-207-LYK2-9 1.09 0.01 35.25 2.04 4.90 5.63 4.57 45.62 - - 99.11
4
Table 4 Electron microprobe analyses of zircon from Boziguoer alkali rocks
w B %
SiO, TiO, AlLO; FeO MgO CaO Na,O HIO, Nb,Os  ThO, U0, 710,

YX2-143S-2-1 31.42 0.11 0.20 0.34 - 0.07 0.06 0.31 2.12 0.51 - 64.32  99.46
YX2-143S-2-2 30.98 0.01 0.33 0.44 - - 0.23 0.91 2.46 0.45 0.30 61.08 97.19
YX2-143S-2-3 31.52 - 0.09 0.17 - 0.05 - - 2.06 - 0.59 64.70  99.18
YX2-143S-2-4 31.35 - - - - - - 0.61 2.34 - 0.37 65.23  99.90
YX2-143S-2-5 32.10 - 0.18 0.10 - - 0.14 0.86 1.94 0.03 0.72 63.19  99.26
T3-1 30.90 0.14 - 0.21 0.04 0.03 0.03 - 3.46 0.08 0.62 63.87 99.38
T3-2 31.33 - - 0.08 - - 0.16 - 2.52 0.33 - 64.71 99.13
T3-3 31.43  0.15 0.06 0.27 0.03 0.13 - 0.98 2.59 - 0.84 62.73 99.21
T2-G3-1 31.81  0.10 0.09 - - 0.15 0.26 - 2.91 0.61 0.40  62.31 98.64
T2-G3-2 31.71 - 0.17 0.33 - - 0.10 0.10 1.81 - - 64.47  98.69
T2-G3-3 31.36 - - 0.37 - 0.09 - 0.15 2.28 - - 65.02  99.27
YX2-171S-1 31.42 - - - 0.20 0.04 0.02 0.94 2.49 0.48 - 64.02 99.61
YX2-171S-2 31.58 - 0.10 0.04 - - 0.20 0.48 2.42 - 0.51 65.44 100.77
YX2-171S-3 31.47 - - 0.19 - 0.07 - 0.88 0.78 - 0.07 65.53  98.99
YX2-171S-4 31.12 - - 0.06 0.17 0.10 - 0.33 3.15 0.02 0.88 64.03 99.86
YX2-171S-5 30.88 - 0.06 0.05 - 0.06 - 0.33 2.15 - 0.44 64.54  98.51

o)
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Table 5 Electron microprobe analyses of astrophyllite from Boziguoer alkali rocks
w B %
SIOZ TIO') Alzo; FCO T MnO MgO CaO Naz O Kzo sz()5 szO CSZ O ZI()z F
YX2-171S XYS 1 34.51 8.05 0.89 31.29 2.93 - 0.05 3.90 4.52 5.90 2.87 0.71 0.62 1.59 97.83
YX2-171S- XYS-2 34.74 7.52 1.05 30.65 3.37 - 0.07 4.24 4.13 6.12 2.54 0.65 0.31 1.58 95.39
YX2-171S-XYS-3 33.76  7.52 1.26 31.71 2.76 - 0.06 3.30 4.59 7.30 2.29 0.61 0.75 1.58 97.49
YX2-171S- XYS4 34.46 8.23 0.89 32.51 1.79 - 0.31 3.63 4.77 5.50 2.54 0.62 0.51 1.57 97.33
YX2-171S- XYS-5 34.49 7.54 1.01 31.18 1.93 - 0.18 3.27 4.61 7.09 2.68 0.74 0.81 1.57 97.10
YX2-171S XYS-6 33.29 7.48 1.11 31.18 2.83 - 0.18 3.70 4.28 7.52 2.83 0.68 0.60 1.56 97.24
YX2-171S7-XY-1 33.81 8.02 0.99 32.30 1.98 - 0.10 3.37 4.38 6.49 2.87 0.55 0.60 1.61 97.07
YX2-171S7-XY2-2 33.18 7.70 0.97 34.17 2.80 0.17 0.16 2.74 4.67 5.74 2.35 0.47 0.82 1.59 97.53
YX2-171S7-XYS3-3 34.62 7.96 0.87 32.76 2.07 - 0.33 3.59 4.49 5.84 2.49 0.45 0.43 1.58 97.48
YX2-171S XYS3-1 34.25 8.05 0.80 31.27 2.87 - - 3.65 4.48 6.04 2.44 0.49 0.87 1.63 96.84
YX2-171ISXYS3-2  34.66 7.82 0.73 32.54 2.65 0.05 0.16 3.86 4.54 5.90 2.37 0.47 0.56 1.59 97.90
YX2-171SXYS3-3  34.19 8.03 0.92 32.25 2.61 0.14 0.18 3.56 4.77 5.67 2:29 0.33 0.38 1.60 96.92
Ti1-1 35.78 11.08 0.85 32.48 3.37 0.19 0.65 3.75 2.67 141 187 1.04 - 1.61  96.75
T1-2 35.73 10.51 0.64 33.33 3.63 - 0.46 3.50 2.47 ~1.38 1.94 1.57 - 1.60 96.76
T1-3 36.36 11.08 1.01 33.68 3.54 - 0.59 3.17 2.47 0.32 213 1.24 - 1.60 97.19
T1-4 36.27 10.90 0.67 34.32 3.72 0.02 0.62 2.99 2.65 - 1.94  0.83 - 1.61 96.54
T1-5 36.08 10.76 0.72 33.20 3.8 0.08 0.60 3.7 275 0.69 1.72 0.8 - 1.61 96.54
T1-6 36.00 11.23 0.66 33.52 3.28 0.06 0.53 3.46 3.01 0.49 1.53 0.8 - 1.59  96.18
T1-7 35.58 10.20 0.76 33.25 3.70 - 0.31 13.45° 2.9 1.59 227 1.24 - 1.60 96.94
T2-1-X1-1 35.71 10.01 0.96 33.21 208 0.19 . 1.28 :3.98 2.20 0.57 1.81 2.07 - 1.61  96.69
T2-1-X1-2 35.55 10.08 1.25 32.91 2.65 - 1.28  3.57 2.33 1.47 2.06 1.87 - 1.62  96.64
T2-1-X1-3 35.61 9.93  1.31 32.83 2.57 Z 51 350 275 0.74 227 221 0.30 1.60 97.13
T2-1-X1-4 35.32 9.65 1.35 33.51 2.37 0230 1.24 3.35 2.8l - 1.97  2.20 - 1.61 95.61
T2-1-X1-5 35.73 10.24  1.27 33.00 2.25 . 0.20 1.36 3.49 2.71 - 211 2.18 - 1.61 96.15
T2-1-X1-6 36.18 9.90 0.92 32.57 2.63 0.31 1.18 3.66 2.37 1.19 1.92 2.22 - 1.60  96.65
T2-1-X1-7 36.18 10.15 1.36 33.00 2.10 0.30 1.36 3.37 2.62 - 2.31  2.03 - 1.60  96.38
T2-1-X1-8 35.41 9.07 1.14 32.98 2.8 0.30 1.30 3.53 2.75 - 2.24 229 031 1.61 95.81
T2-1-X1-9 35.47 10.00 1.48 32.58 2.52 0.30 1.4 3.10 2.71 - 2.09 219 - 1.60 95.58
T2-1-X1-10 35.26 10.00 1.28 33.63 2.34 0.28 1.3 314 254 1.14 1.78 2.22 0.06 1.61 96.62
YX2-1435-4-3-1 34.12 7.49 0.8 32.76 2.93 - 0.25 3.35 4.64 498 1.33 0.37 0.60 1.56 95.23
YX2-1435-4-3-2 34.18 8.02 1.01" 31.40 3.41 - 0.07 3.21 451 4.8 1.52 0.39 0.58 1.5 94.69
YX2-1435-4-3-3 33.85 . /7.62. 0.80 31.69 3.21 - 0.06 3.15 4.71 567 1.52 0.32 0.8 1.5 95.01
YX2-1435-4-3-4 33.59 7.79 0.86 32.32 3.06 - 0.33 3.5 438 460 1.40 0.33 1.10 1.56 94.88
YX2-1435-4-3-5 33.68 8.06 0.80 32.78 2.81 - 0.18 3.25 458 503 1.40 0.36 0.8 1.55 95.40
FeO; « _n
w NbOs w Rb,O 0.97% 0.37% w Y
w Ce

w Cs,0

5.6 5.7

4% ~11%
6 w Y
1.84%~3.40% 2.58% w Ce 0.26% — 7 w ThO, 68.78% — 76.48%
2.22% 1.14% w Y w SiO, 11.93% ~15.88% w U,0s 0.01%

1.39%~3.14% 2.42% w Ce 0.05% ~  ~7.1%
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Table 6 Electron microprobe analyses of fluorite from
Boziguoer alkali rocks

w B %
Ca Y Ce
YX2-143S-2-5-1  47.48 2.25 1.39 48.22 99.34
YX2-143S5-2-5-2  46.24 2.48 2.22 48.36 99.30
YX2-1435-2-5-3  47.19 2.34 1.81 48.02  99.36
YX2-143S-2-5-4  46.78 2.63 2.02 48.41 99.84
YX2-143S-2-5-5 47.16 2.70 1.30 48.28 99.44
YX2-171S-5-3-1  46.15 3.09 0.79 48.96  98.99
YX2-171S-5-3-2  47.15 3.40 0.26 48.46  99.27
YX2-171S-5-3-3  49.06 1.84 0.26 47.95  99.11
YX2-171S-5-3-4  48.45 2.60 0.77 47.86  99.68
YX2-171S-5-3-5  48.35 2.51 0.53 48.37  99.76
T3-1 48.40 2.40 0.25 48.86  99.91
T3-2 48.69 2.70 0.11 48.32  99.82
T3-3 48.12 3.14 0.12 48.49  99.87
T3-4 48.40 1.96 0.16 48.72 99.24
T3-5 48.15 2.27 0.40 48.91  99.73
T3-6 47.63 2.97 48.86  99.46
T3-7 48.90 2.74 - 47.98 99.62
T3-8 48.11 2.78 0.53 47.91  99.33
T3-9 47.78 3.12 0.05 48.97  99.92
T5-1-YING2-1 48.27 1.87 0.37 48.83 99.34
T5-1-YING2-2 49.26 2.20 - 48.21  99.67
T5-1-YING2-3 49.47 1.39 - 48.70  99.56
T5-1-YING2-4 48.74 1.72 0.58 48.68 99.72
T5-1-YING2-5 47.77 1.80 0.97 48,75 .99.29
T5-1-YING2-6 48.59 2.09 0.57 48.02  99.27
T5-1-YING2-7 50.05 1.90 - 47.86  99.81
T5-1-YING2-8 49.21 1.69 - 48.84 99.74
T5-1-YING2-9 50.15 1.62 N\ 47.87  99.64
Th U a
Th
U Zr Pb A1203
CaO ThO, SO,
5.8
2% 10% ~—20%
8
w LayOs 20.03% ~36.03% w CeOs
35.5% ~44.78%
La203
CaO

6
6.1
6.2
Ca Na ,Nb,O; OH F
w Na,O 8.52% w CaO
15.41% w NbyOs 73.05% w F
5.22% A Ca Na
U REE Y Th Pb Sb Bi
1987
w NaO  2.11%~6.78% w CaO  1.13% ~
9.35%
w U 5.17%~11.31% w ThO,  0.17%
~1.97% w LayOs 0.16% ~2.6% w CeO5
0.87% ~8.46%
Ca Na U Th REE
Y PO,
w Y035  61.40% w P,Os  38.60%
Y HREE Yb Er Dy
LREE Zr Th Y Si P
1987
w Y03  23.02% ~49.46%
3 HREE
HREE
w NbOs w Rb,O

w TiO,
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Table 7 Electron microprobe analyses of thorite from Boziguoer alkali rocks
w B %
ALO; SiO, CaO MnO Fe,05 PbO ThO, U,0s
YX2-1715-1 - 15.03 0.37 - 0.18 0.41 70.95 6.67 93.61
YX2-171S-2 - 11.93 1.90 - 1.40 0.55 76.48 0.83 93.09
YX2-171S-3 0.56 12.55 1.66 0.15 3.99 0.99 73.30 0.22 93.42
YX2-171S-4 0.61 13.15 1.51 0.54 1.29 1.82 73.45 0.97 93.34
YX2-171S-5 0.55 12.93 1.62 0.84 2.58 1.53 73.11 0.30 93.46
T4-1 0.41 13.55 0.35 - 0.75 1.23 71.81 5.13 93.23
T4-2 - 15.52 0.11 - 0.86 1.58 71.21 4.91 94.19
T4-3 - 15.69 0.16 - 0.75 1.45 75.30 0.51 93.86
T4-4 0.02 15.64 0.24 - 0.66 1.47 75.57 0.01 93.61
T4-5 0.11 15.82 0.23 - 0.61 1.41 74.39 0.91 93.48
T4-6 - 15.28 0.02 - 0.36 1.08 72.17 4.08 92.99
T4-7 - 15.82 0.09 - 0.45 1.37 70.57 5.11 93.41
T4-8 0.06 15.76 0.12 - - 1.55 68.78 7.10 93.37
T5-1 - 15.58 0.10 - - 0.79 72.85 4.36 93.18
T5-2 - 15.56 0.35 - 0.44 0.84 71.55 5.06 93.80
T5-3 - 15.15 0.12 - - 1.09 70.94 5.80 93.10
T5-4 - 15.24 0.08 - 0.22 0.47 72.01 5.57 93.59
T5-5 0.07 15.88 0.08 - - 1.31 70.60 5.90 93.84
T5-6 - 15.29 0.17 - - 1.41 71.71 4.84 93.42
T5-7 0.10 15.35 - — 0.22 1.49 69.89 6.63 93.68
8
Table 8 Electron microprobe analyses of bastnaesite from Boziguoer alkali rocks
w B %
SiO, ALO;  Fe,O;  MnO CaO KO  LaO; Ce0O; Pr,O; Nd,O; ThO, F
YX2-1718-5-2-1 0.12  0.17 - £ - 0.06 31.52 40.23 0.60 3.12 0.42 7.01 83.25
YX2-1718-5-2-2 0.33 - 0.13 A 0.12 - 29.12 37.95 2.13 4.56 0.34 7.03 81.71
YX2-171S-5-2-3 0.45 - 0.01 - 0.15 - 30.10 39.20 1.56 5.17 0.85 7.31  84.80
YX2-171S5-5-2-4 0.20 0.05 0.14 - 0.13 - 29.37 37.39 3.95 5.36 1.00 8.02 85.61
YX2-171S8-5-2-5 0.36 - - - 0.06 - 32.29 37.23 3.14 4.06 0.77 7.52  85.43
YX2-171S-5-2-6 0.26 7 - - - - 35.27 37.99 1.36 2.40 0.63 7.22  85.13
YX2-171S-5-2-7 0.23 X - - 0.15 0.03 36.03 35.50 1.60 2.60 0.65 7.00 83.79
YX2-171S-5-2-8 0.33 - - - 0.12 0.02 34.63 37.42 1.46 3.11 0.72 7.32  85.13
YX2-171S-5-3-1 0.17 - - - 0.27 0.05 30.52 39.65 2.13 4.29 0.54 7.41  85.03
YX2-171S-5-3-2 0.06 0.09 - - 0.09 0.01 30.08 40.2 0.83 5.27 0.31 8.01 84.95
YX2-171S-5-3-3 0.14 - - - - - 28.34 39.93  3.29 4.25 0.28 7.51 83.74
YX2-171S-5-3-4 0.16 0.02 - - 0.1 0.07 30.08 38.72 1.95 3.12 0.68 7.53 82.43
YX2-171S-5-3-5 0.15 0.02 - - 0.06 - 28.37 39.53 3.28 4.08 - 7.13  82.62
T2-F-1 0.40 - - 0.18 0.30 - 23.09 42.49 3.65 5.33 0.43 7.26  83.13
T2-F-2 0.50 0.17 - 0.24 0.25 - 20.03 43.19 5.39 7.98 - 7.61 85.36
T2-F-3 0.57 - - - 0.15 - 21.54 42.00 4.14 5.73 0.86 7.82  82.81
T2-F-4 0.40 - 0.32 0.13 0.24 - 25.09 43.51 2.51 5.28 - 7.56  85.04
T2-F-5 0.48 0.11 - - 0.40 - 20.53 42.74 3.89 5.94 1.30 7.65 83.04
T2-F-6 0.40 0.06 - 0.03 0.44 - 20.99 42.55 2.98 7.97 0.14 8.01 83.57
T2-F-7 0.50 0.06 0.14 - 0.91 - 23.26  39.80 3.48 5.34 1.90 7.23  82.62
T2-F-8 0.34 - - - 0.77 - 24.09 40.97 2.89 5.63 2.02 7.31  84.02
T2-F-9 0.81 - - 0.17 0.70 - 24.33  44.78 1.17 3.26 0.93 7.51  83.66
T2-F-10 0.35 0.32 - - 0.33 - 24.34 43.93 3.43 5.74 - 7.03  85.47
T2-F-11 0.72 - 0.29 0.68 0.44 - 23.20 39.99 3.24 5.18 2.66 7.26  83.66
T2-F-12 0.46 0.16 - 0.17 0.31 - 23.60 40.26 2.75 5.45 1.43 7.31  81.90
T2-F-13 0.29 0.20 0.21 - 0.27 — 21.63 43.89 2.83 6.18 0.35 7.52 83.37

« n
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Fig. 5 BSE and scope scanning microanalysis images of Boziguoer alkali rocks
a. Irregular granular pyrochlore distributed in albite and K-feldspar BSE ~ b. Nb scanning microanalysis images of pyrochlore c. Ta scanning mi-
croanalysis images of pyrochlore d. U scanning microanalysis images of pyrochlore e. Monazite as euhedral column associated with zircon and bi-
otite BSE f. La scanning microanalysis images of monazite g. Ce scanning microanalysis images of monazite h. Pr scanning microanalysis im-

ages of monazite i. Nd scanning microanalysis images of monazite

CaF, w Ca Th SiO,
51.1% w F 48.9% Ca REE Y w ThO, 81.5% w SO, 18.5%
Ce 1987 Th
w Ca 46.15% ~50.15% U Fe Ca REE Ce Zr Pb
Ca w Y 1.39% ~3.4% w Ce 1987 w ThO, w UyOs
0.05%~2.22% Ca Y 6 ThO,  U,0s
Ce w U
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Fig. 6 Diagrams of ThO, and U,Os of thorite from Boziguoer alkali rocks
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Fig. 7 Diagrams of ThO, and REE of monazite {from Boziguoer alkali rocks
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w Lat+Ce >40%

<5%

w La

HREE

La Nd
1987
~ 38.12%
w Nd,Os
40% La Nd

w ZrO,
67.1%

w Ce
w Sm >5% w Th >6%

LREE

La Nd 1.6

w La203
4.64%

32.9%

La Ce

Sm Th
2000

<20%

1.6 ~4.5
w CeO;5 33.81%
16.24% ~ 20.65%
~9.81% w LatCe >

1.6~4.45

Zr SIO4

61.08% —65.53%

30.88% ~32.1%
Na Mg Al

Ca Fe Nb Hf Th U Zr  Si

1987
112.39

Th U
Th U
w Th
0.52% Th U

7r0O, HIO,
7r0, HIO, >60
7rO, HIO,
Th U Th U
Th U

Th U

2008

>0.4
<0.1
0.31%

0.6 Th'U

w U
>0.4

2
w CaO w TiO,
w Zr0,  w U304 w Y04
w TiO, w Ca w CaO
w CeOs
w REE w Nb,Os w Rb,O
w Ce w Y w LayOs
3
Ca Na U Th REE
REE HREE w Th w U
Ca Y Ce
w U w U
4 LREE ThO, LREE
w LatCe >40% La Nd
1.6~4.5
Zr Hf 60 %
Th U 0.6
Th U>0.4
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