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Fig. 1 Geologic map of the Huayangchuan uranium-niobium deposit (modified after Gao Cheng et al. ,2017)
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(a)—Simplified tectonic map of the Qinling orogenic belt; (b)—simplified geological map of the study area;

(c)—geological map of the Huayangchuan uranium-niobium deposit (modified after Gao Cheng et al. , 2017)
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Fig. 2 Photographs of the studied uranium-rich showings on the Huayangchuan
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(a)—(Quartz) calcite carbonatitic veins outcrop, part of the area is associated with (biotite) quartz pegmatite;

(b)—uranium veins in biotite calcite carbonatite (sévite) associated with potassic alteration; (c¢)—uranium veins

associated with biotite plagioclase gneiss; (d)—granitic gneiss develops hydrothermal uranium veins
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Fig. 3 Photomicrograph images of typical mineral assemblages observed in U-rich samples

from the Huayangchuan uranium deposit
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(a-b)—Mineral assemblage in biotite (aegirine-augite) calcite carbonatitic type ore; (c)—mineral assemblage of the hydrothermal veins

in biotite plagioclase gneiss type ore; (d)—mineral assemblage of the hydrothermal veins in granitic gneiss type ore; Btf—betafite;

Bt—biotite; Qz—quartz; Cal—calcite; Aln—allanite; Kfs—K-feldspar; Ap—apatite; Mnz—monazite
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Fig. 4 BSE images of typical mineral assemblages observed in U-rich samples from the Huayangchuan
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(a)—Biotite (aegirine-augite) calcite carbonatite-type ore consists of betafite, uraninite, aegirine-augite,allanite, calcite and quatz; (b)—betafite

grains in biotite (aegirine-augite) calcite carbonatite-type ore be altered and the margin of the altered betafite and the inside of uraninites filled
with Changbaiite grains, which is associated with the late uraninites; (¢)—dark gray zone (DGZ) and white gray zone (WGZ) exist in the BSE
image of the uraninite indicate that the different compositions between them; (d)—mineral assemblages of the uranium veins in biotite
plagioclase gneiss type ore are composed of betafite, uraninite, apatite, allanite, monazite and galena; (e)—two different types of morphology
of uraninite grains are found in uranium veins; (f)—the margin of the uraninite has been altered; (g)—mineral assemblages of the uranium
veins in biotite plagioclase gneiss type ore in Caopinggou ore occurrence are composed of betafite, uraninite, titanite and albite; (h)—betafite,
uraninite, allanite, K-feldspar and quatz developed in uranium veins of the granitic gneiss fissure; Btf—betafite; Mnz—monazite; Chb—
changbaiite; Agt-aegirine—augite; Cal—calcite; Aln—allanite; Ab—albite Kfs—K-feldspar; Bt—biotite; Ap—apatite; Gn—galena; Qz—quartz;
A-Ur—altered-uraninite; Ttn—titanite; DGZ—dark gray zone; WGZ—white gray zone



%9 1 5 O 46 I )1 5 B o T 9 1 4 12 5 A 2 T 5 B R AR 4 2279
135k|@ | 1.17k|®
Nb AR Ak Al

120k CBit 104k e A 4R BT
1.05k Ca 0.91k L
0.90k Al 0.78k
0.75k 0.65k
0.60k 0.52k:
0.45k 0.39k
0.30k 0.26k:
0.15k 0.13k
0.00k: 0.00k

0.0 1.3 2.6 3.9 5.2 0.0 1.3 2.6 3.9 5.2 6.5
V&I 1] (F2) : 8. 00 Cnts 0.000 keV ¥l %% : Octane Plus Det V&I 1 (B2) : 8. 00 Cnts 0.000 keV ¥Rl %% : Octane Plus Det

(d
| =+ =—Si —Npb —U =—Ca ==Ti =—Pb |

b c

A

=

o

/V'\/‘/VI‘W

4%,y
......

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
A FEBS (nm) B

& 5

AR PR 1) M 280 B8 2K H B (BSED 1t A% i 5 70 3 A2 AL RFAE

Fig. 5 A BSE image of typical betafite with their different element changes between altered and
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unaltered zones from the Huayangchuan deposit
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(a)—The characteristics of energy spectrum of the unaltered part of betafite grains; (b)—the characteristics of energy spectrum
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of the altered part of betafite grains are characterized by the Si,Sr,Fe peaks; (¢)—BSE image and the line scan (d) between

altered and unaltered zones of the typical betafite
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Table 2 Analyses results of uraninites by EMPA (%)
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2 [3) [ 3 [Py 2 | 2614 26 [ 28 [ 221 | 17 02
premT .
K %W(ﬁﬂ“ﬁm” L x 95k ik 55k
W A K 21 9 5 35 14 1 8 14 4 1 4 3 1 1 3 33
MgO bdl | bdl | bdl | bdl | bdl | bdl | bdl | bdl | 0.01 | bdl | bdl | bdl | bdl | bdl | bdl | bdl
Al Oy bdl | bdl | bdl | bdl | bdl | bdl | bdl | bdl | bdl | bdl | bdl | bdl | bdl | bdl | 0.49 | bdl
Si0, 0.02 | 0.01 | 0.02 | 0.02 | 0.0l | 0.03] 0.02]0.05] 004|001 |001]| bdl |004]o0.03]|0.5] o001
MnO bdl | bdl | 0.01 | 0.0l | bdl | bdl | 0.00 | bdl | 0.01 | 0.01 | 0.01 | 0.03 | 0.01 | bdl | 0.02 | bdl
FeO 0.04 | 0.06 | 0.02 | 0.04 | 0.01 | 0.06 | 0.02 | 0.02 | 0.04 | 0.15 | 0.01 | 0.02 | 0.03 | 0.01 | 0.04 | 0.04
CaO 0.38 | 0.22 | 0.27 | 0.32 | 0.42 | 0.22 | 0.38 | 0.27 | 0.38 | 1.48 | 0.33 | 0.18 | 0.64 | 0.43 | 0.18 | 0.73
TiO, bdl | bdl | bdl | bdl | bdl | 0.04 | 0.03 | bdl | bdl | 1.47 | bdl | bdl | 0.16 | bdl | 0.01 | bdl
Nb,O; | 0.01 | 0.0l | bdl | 0.01 | 0.01 ] 0.05 ] 0.03 | 0.02 | 0.03 | 2.43 | 0.01 | 0.03 | 0.59 | 0.02 | bdl | o0.01
ThO, 0.21 | 0.30 | 0.39 | 0.26 | 0.04 | 3.16 | 1.08 | 1.69 | 2.36 | 2.30 | 2.84 | 1.87 | 2.56 | 2.84 | 2.67 | 0.21
Na; O bdl | bdl | 0.01 | bdl | bdl | bdl | 0.03 | 0.01 | 0.01 | 0.05 | bdl | bdl | bdl | bdl | 0.03 | 0.02
U0, 89.42 | 90.89 | 90.84 | 90.00 | 81. 46 | 82. 25 | 88. 05 | 89. 08 | 89. 61 | 83. 85 | 87.18 | 90. 25 | 86. 32 | 83. 44 | 92. 06 | 95. 09
Ce, O 0.83 | 0.81 | 0.97 | 0.84 | 0.70 | 2.41 | 2.48 | 1.87 | 1.91 | 1.07 | 1.54 | 0.97 | 0.34 | 1.38 | 1.07 | 0.40
PO 1.57 | 1.55 | 1.54 56 | 2.19 | 2.26 | 1.52 | 1.53 | 1.64 | 1.41 | 1.50 | 2.59 | 2.31 | 2.19 | 1.64 | 1.65
Y504 3.07 | 2.96 | 2.59 | 2.98 | 5.33 | 2.73 | 2.04 | 1.80 | 1.44 | 1.44 | 2.06 | 1.37 | 2.96 | 2.79 | 1.29 | 1.80
S(CetY) |2.9061]2. 8073]2. 5999|2. 8398 |4. 6386 3. 5023|2. 9900 |2. 4635 |2. 1981|1. 7369|2. 4898| 1. 6261|2. 5492|2. 9846|1. 6172 1. 6563
Total | 95.57 | 96.82 | 96.65 | 96.04 | 90.17 | 93. 22 | 95. 66 | 96.35 | 97.48 | 95. 67 | 95. 48 | 97. 29 | 95. 96 | 93. 14 |100. 02| 99. 99
ERRANE P FRBGET 2 AN AR R SRR T AR RZE R 0
Mgzt 0. 0000]0. 0000]0. 0000]0. 0000]0. 0000]0. 0000[0. 0000]0. 0000[0. 0003]0. 0000]0. 0000]0. V000]0. V000]0. 0000]0. 0000] 0. 0000
INEE 0. 0000|0. 0000{0. 0000|0. 0000{0. 0000|0. 0000|0. 0000|0. 0000|0. 0000|0. 0000|0. 0000|0. 0000|0. 0000 |0. 0000|0. 0247 0. 0000
Sit+ 0. 0009]0. 0005{0. 0009|0. 0009{0. 0005|0. 0014]0. 0007 0. 0023|0. 0017 [0. 0004 |0. 0005 |0. 0000|0. 0018 0. 0014|0. 0225| 0. 0004
Mn2* 0. 0000[0. 0000|0. 0004|0. 0004 |0. 0000|0. 0000|0. 0001 |0. 0000 0. 0003|0. 0004|0. 0004|0. 0012]0. 0004|0. 0000|0. 0006 0. 0000
Fe?* 0. 0015|0. 0023|0. 0008|0. 0015{0. 0004|0. 0024]0. 0006 0. 0008 |0. 0016 |0. 0053 |0. 0004 |0. 0008|0. 0011 |0. 0004|0. 0013| 0. 0015
Ca?* 0.0186/0. 0107|0. 0132|0. 0156{0. 0214]0. 0111]0. 0187|0. 0134|0. 0184[0. 0672|0. 0163 |0. 0088|0. 0308 |0. 0217|0. 0082| 0. 0345
Tt 0. 0000|0. 0000{0. 0000|0. 0000{0. 0000|0. 0014]0. 0009|0. 0000|0. 00000. 0468 |0. 0000|0. 0000|0. 0054 |0. 0000|0. 0004| 0. 0000
Nb°*+ 0. 0002(0. 0002{0. 0000|0. 0002]0. 0002[0. 0011|0. 0006 |0. 0004|0. 0007]0. 0465[0. 0002|0. 0006|0. 0120|0. 0004 |0. 0000| 0. 0002
Tht+  |0.0022]0. 0031]0. 0040|0. 0027 |0. 0004|0. 0338|0. 0112]0. 0176 |0. 0243 |0. 0222 0. 0298|0. 0195|0. 0262|0. 0304|0. 0262 0. 0021
Na 0. 0000|0. 0000{0. 0009|0. 0000{0. 0000|0. 0000]0. 0030|0. 0012|0. 0009 |0. 0041 |0. 0000|0. 0000|0. 0000 |0. 0000|0. 0025| 0. 0017
U 0.9105|0. 9166{0. 9191|0. 9131{0. 8634|0. 85900. 8983|0. 9066|0. 9027 [0. 7901 |0. 8943 |0. 9210|0. 8640 |0. 87260. 8823 0. 9326
Ce3t 0.0139(0.0134{0.0161]0.0140[0.0122[0.0414|0.0416(0.0313]0.0317[0.0166[0.0260(0.0163|0.0056|0.0237[0.0169| 0. 0065
Pb2t 0.0193(0.0189{0.0189|0.0191]0. 0281[0. 0286|0.0188|0.0189]0. 0200{0. 0161[{0. 0186(0.0320(0.0280|0.0277[0.0191|0.0196
yor 0. 0748|0. 0714]0. 0627]0. 0723]0. 1351]0. 0682]0. 0497 |0. 0438|0. 0347 [0. 0325 |0. 0505 |0. 0334|0. 0709 |0. 0698|0. 0295 0. 0422
Total  |1.0420|1.0371|1. 0369|1. 0400|1. 0617|1. 0482|1. 0441|1. 0362|1. 0373|1. 0481|1. 0370|1. 0336| 1. 0462|1. 0481|1. 0342| 1. 0412
SU(Cet-Y)Z40. 0887 0. 0848|0. 0788 0. 0863|0. 1473|0. 1096{0. 0913|0. 0752(0. 0664|0. 0490|0. 0765[0. 0497|0. 0765[0. 0935 |0. 0464 | 0. 0487
Th/U  |0.0024|0. 0034]0. 0044|0. 0030]0. 0005|0. 0393|0. 0125]0. 0194 0. 0269 |0. 0281 0. 0333 /0. 0212]0. 0303 0. 0348|0. 0297| 0. 0023
Ce/Y  |0.1860|0. 1883]0. 2577|0. 1939]0. 0904|0. 6073|0. 8364|0. 7142[0. 9125 |0. 5112 0. 5143|0. 4871]0. 0790 0. 3403|0. 5721 0. 1529
Ce 0.7086]0. 6916]0. 8282|0. 7172[0. 5976|2. 0576 |2. 1173|1. 5965|1. 6307 |0. 9135 |1. 3148 0. 8282|0. 2903 |1. 1782|0. 9135| 0. 3415
Y 0. 5580|0. 5446|0. 6521|0. 5647|0. 4706|1. 6202|1. 6673|1. 2572|1. 2841 [0. 7194|1. 0353 0. 6521|0. 2286 |0. 9278|0. 7194 0. 2689
BRI T B T RRAE RN 43 5 bdl R A T4 s B o 7 45 205 1 oA ) — 2 780 b 0 22 A 0 8 19 S 35908, WGZ R K 8 X 38k, BGZ S K SR IX 3k
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3.3 RE#HuT BFE$ U-Th-Pb T

BT A58 (Hui Xiaochao et al. ,2014,2016;
Gao Cheng et al. ,2017) AR &5 R4 8w . 46
BRAN A IR b SR B T O T
A4 . H T8 K Bl TR S A S A
W1 2% 5 K A AR AR FH (Geisler et al. , 2005) i1z
J SRR AL AR X8 B Bl A 1 kR AR L R S S BB
RN Y J AT A AR 8 IR L A Ak R 1 R A Y
5 F ¢ (Lumpkin et al. ,1996) . A< YA 53 (L ik 5L
PR b i) 8 BBl & AR T A () R Y RO ok B (P
Ab; 1 5) .t Ah . BRPE ARl AT Bk = AR ) O 2 BB
FELHCHRTTCE B HOT e 4 TR, BT 07K
W AR BRI S PR BT Z A B A A R R
455 W BRI E S OB/ (— <10 pm)
SRR HL B X A BT T R U-Pb [R] 7 R & 4
AR AT

AR VF 22 % C S M T 7 K800 Bl R
R S BBl T e T — R A 5 U-Th-Pb {27 &
LIRS T B R AR AR A 29 (Kempe, 20035
Mercadier et al. , 2013; Zhao Huibo et al. , 2014;
Wei Longming et al., 2014; Zhang Long et al.,
20163 Tang Ao et al., 2017), Tang Ao et al.
(2017) X% 58 2= LA B 2 A 9 A 50 5050 S i 5 o0
) i SO  TT R A o i A N R A 1 it BT S A A o
T 4 45 3% 43 51 R 161.8+£2.4 Ma,159.7+£3.2
Ma, 5 Zhang Wenlan et al. (2009) % H. FF & &% A
U-Pb [f] fiz & 73 #r 73 3l 445 19 161.8 = 1.0 Ma,
155. 74 1.8 Ma #E## H — 3. Mercadier et al.
(2013 % o 55 KA 8 5 1o 24 b 4 DR o 114t B el O
Je [l 2R 5 A2 A A7 F 5, AR A5 AR Dol A2 & 5k
SIMS U-Pb 0 #4E 8 1805+ 11Ma, 5 1. 9~
1. 8Ga WAL AR I B — B0, S A BUal ™ 5 s Ak
AR TENT BE LN KR I 08 TR L 3R AR IS L SR T T
RS A 22 301 R AT Y it SO S U T 5 G B S A
B £ (Bowles, 2015), ARIRAHT &5 R B~ &
sy Hp Sio, \MgO, AL, O; ,CaO,FeO,MnO,Na, O
S0 B U AR IR IS 32 BRI 1) B ) 5 55
(Alexandre et al. ,» 2005) , #t b 2% 4F 45 19 I AL 2
(B AT AR S BBl A 1) B B0 AF 1 3 O i e A2 B )1
Peu RS mHCER T8 aF i ik Az .

BT AR R A B /9 UL ThPb & & 70 i
B5R ITRE RS T — R U-Th-Pb fL2=4E 1%, A
PREE R L3R 3, AR5 I i A 8 M AR IS LI 6. 35 U7
¥ W3k (Bowles , 1990,2015) ,

R BN A BT AR R TE 99~217 Ma Z
6] .22 A~ fb LA AT 5 A A 188~217 Ma, 108 4~
A AT B B AR Y O 99~ 139 Ma, B =B (5R
M) I A1 Bk R DK T A (L 6a) DL 9 4 10 A
AEWE L 4r I 188~210 Ma 5 99~139 Ma, M %
R R RS TR Ik L A CEL 6b) o, BT 43 BT 1Y
T3 Gl B R AR 2 AL AR A3 121 Ma, 192 Ma, 135
Ma, 138 Ma & 4 I s 4 0% 5 48 50 v Bk e B v i
Bk 7 v (] 6,6 o fid B Al (UT2) (14 0 55 4 i
114~137 Ma, E3{H K 129 Ma, B4 415 &
( 6d), 5Pk a2 AE i sl 45 i 3 Mk
2HAEWS 4R 205 Ma,208 Ma, 217 Ma,

4 e

4.1 BRMT TRETLHFE

I3 EE AR ) 7 R A v Y e BT T
ROEERBERAEA D, @MY UO, & &80,
7E 80. 0690 ~97. 4800 Z fi] » FeO,CaO & HHL (K
2) R R b I 2 K0 Bl i R R R . A
[ A KA R ThO, 5 5 #9242 A 38 8K 7RI
FRHBRE] 4. 8802 |, F U™ 5 Th'" HAH
RLAR 3 3R AL A AT S o JR E0R TRLIE R AR AR &R
Th'" 45 5 LAt [A] 4 1 T8 2 A J50 il 40 ) o A4
o AR IR B SR R PR A R U E
BELL U BT . i) Th' 78 40t it 1A o i) 7 TR
JERAR T AT LR, 4 UL Th K450 5.
W s — BTN g Tk RE AH X i I A PR Bl R Th
% (Liu Yingjun et al., 1984; Keppler et
al. ,1990) . 5T R A X B 19 Th/U W fE (>
0. 01 B fb Jot ik 47 368 B o T (> 350 C) 5 JK B
W -PIRIAEE T 1) 7= (Macmillan et al. , 2016),
MK (<<250 C) #O 5 BT Al 97 /9 Th & 5 8K
(Hazen et al. ,2009) , [l It , AR #% Th/U {8 4] Wy, &
=B G A B IR 5 K AL (B 17HD-13) 5 A7 ()
h 5 AT -9UR A 4D IE R AR A E KD 5B amK
J R R AR Dk BB A R AR TR BT i IR PR B (>
350°C) T fh B /Y ThO, & & 25 5, 48 78 A [6] 7™
R IE R AT BEAFAE 22 57 (B Ta) . Ce, Oy
5 BEAE 0. 02% ~3. 37 % 2 [A] , BB = B (5 ) J7 figt
AT BR K B b B Bl 1 Ce, Oy B o AH X 4
1 BRAN RS0 B i S T 100, W] RE A A
Wb R A 1R R & Ce 2K (B 7b) . #t CaO 1
& AER T RRCE T RO KR A1 ) CaO & i
P LR R AR A HE BRI 1. 5 06 =2 ) oAt i A7 2%
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Table 3 The contents of U,Pb,Th and their chemical age of uraninite grains by EMPA

B i RO S T e D (O
U0, PbO ThO, Eas U0, PbO ThO, Ea
D1 80. 21 2.13 bdl 196 1L1 87.22 1.57 1.67 133
D4 81.90 | 2.13 bdl 192 112 88. 50 1. 62 0.48 136
D14 81.77 2.22 0.09 200 1L3 89. 41 1.57 0.58 130
D15 81.53 2.22 0. 06 201 1411 85.72 1.49 0.56 129
D16 83. 47 2.35 0.03 207 17TH07-26 1412 89. 76 1.69 1. 50 139
D17 80. 72 2.25 0.05 205 4LL | 87.11 1.20 1. 62 102
D18 80.88 | 2.11 bdl 192 14L5 | 87.18 1. 49 1.58 126
17HD-13-2
D19 80. 06 2.21 bdl 203 1416 | 89.49 1.55 0. 61 128
D20 81.56 2.12 bdl 192 113 86. 75 1.52 2.21 129
D21 81.68 | 2.27 0.01 205 3L1 87.42 1.53 3.15 128
D24 81. 66 2.33 0.12 210 3L2 92.18 1.48 0. 60 119
D25 81.64 | 2.20 0.08 198 3L3 87.35 1.63 2.67 137
D26 81. 81 2.09 0. 06 188 17H07-28 3L4 86. 47 1.56 3.22 132
D27 81.60 | 2.08 0.02 188 3L5 87.54 1.53 3.12 128
Url ${5(140) 81.46 2.19 0.04 198 3L6 87. 87 1.61 2.19 135
17H-07-3 L2 83.44 | 2.19 2.84 192 L1 92. 36 1.67 0.55 134
17H-07-26 1413 | 82.25 2.26 3.16 200 112 91. 57 1.56 0.81 126
D1 90. 21 2.57 1. 87 208 L3 88. 42 1. 54 1.41 129
18CPG-5 D2 90. 47 2.53 1.95 205 4L4 88. 68 1. 50 0. 64 125
D3 90. 07 2.67 1. 80 217 L5 88. 87 1.19 1.32 99
Url B (3) 90. 25 2.59 1. 87 210 1L6 92. 49 1.55 0.37 124
17H20-4 1D6 86. 32 2.31 2.56 195 L7 89.17 1.58 1. 38 131
L0 88. 48 1. 66 0.11 139 L1 90. 07 1.63 1.15 134
L2 88. 45 1.53 0.05 128 112 91. 89 1.72 1. 84 138
L3 89. 25 1.53 0.22 127 1707221 1L3 87. 36 1.53 3.11 129
L5 91. 59 1.59 0.20 129 1L4 89. 11 1. 69 3.33 139
L6 91.11 1.55 0.16 126 L1 90. 23 1. 48 2.79 121
L7 92. 20 1.61 0.12 130 17H-07-3 L3 93. 22 1.71 3.20 135
L8 90. 02 1.56 0.17 129 L4 92.73 1.74 2.03 138
LY 88.45 1.57 0. 20 132 17H20-4 1L5 83.85 1. 41 2. 30 124
L10 89.17 1. 54 0.31 128 D1 94. 52 1.61 0.04 126
L11 89. 20 1.58 0.30 131 L2 92.78 1.61 0.57 129
17HD-13-2 L1z 89.75 1. 64 0.22 135 L3 93. 85 1. 59 0.52 126
L13 87. 57 1.45 0. 24 123 DI 96. 99 1. 69 bdl 129
L22 87.39 1.57 0.15 133 D2 96. 27 1.70 0.21 131
L23 89.73 1.68 0.23 139 3 96. 99 1. 49 0.10 114
L28 89. 65 1. 60 0.23 132 4 96. 85 1. 66 0.01 127
129 88. 94 1. 54 0.24 128 5 95. 33 1.63 0.61 127
L30 89. 97 1.59 0.21 131 1 94. 68 1. 69 bdl 132
L31 88.39 1.56 0.28 131 2 93. 98 1.70 0.21 134
1.32 90. 43 1.57 0.22 129 3 94. 67 1. 49 0.10 117
1.33 90. 77 1. 40 0.25 115 17H56-02 4 94. 54 1. 66 0.01 130
L34 87.28 1.61 0.27 137 5 93. 05 1.63 0.61 130
Ur2 #fE (2D 89. 42 1.57 0.21 130 e 93. 92 1.63 0.14 129
L2 92.79 1.58 0.36 126 5(1) 96. 52 1.71 0.14 131
L3 90. 90 1.63 0.29 133 6 96. 63 1. 60 bdl 123
L1 93.18 1. 60 0.30 127 L9 94. 76 1. 67 0.36 131
D5 89. 41 1.53 0.32 127 L11 97. 48 1.68 bdl 128
17HD-13-3(1) | D6 89. 84 1.49 0.21 123 L12 95. 97 1. 66 bdl 128
D7 89.75 1.55 0.25 128 D13 90. 20 1.61 0.48 132
DS 89. 71 1. 54 0.30 127 L4 95. 00 1.73 0.02 135
L9 91.91 1. 44 0.45 116 L15 93. 53 1.69 bdl 134
L10 90. 55 1. 60 0.26 131 L16 97.13 1.71 0.09 131
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%3

ERO ((Ma) GO ((Ma)

B e GESEY ‘ s e GRS !
U0, PbO | ThO. | =i U0, PbO | ThO. | s5:ff

L1 94. 25 1.59 0. 30 125 D17 94.13 1.61 0. 26 127

L2 93. 05 1.63 0. 28 130 D18 97.06 1.69 bdl 129

17HD-13-3(2) D3 89. 22 1.51 0. 64 125 L1 94, 81 1. 60 0.06 125
D4 88. 94 1.51 0. 36 126 L2 94. 15 1.74 bdl 137

D5 88.77 1.46 0. 36 122 L3 96. 59 1.65 0.31 127

17H56-02

Ur2 H{E (35) 90. 00 1.56 0. 26 128 1.4 95. 30 1.69 0.21 131

L1 83. 14 1.43 2.98 126 L5 96. 62 1. 66 0.13 127

L2 83.58 1.49 4. 88 130 L6 95. 08 1. 64 0.11 128

18HH-17

L3 91.47 1.59 0.69 129 L7 95. 07 1. 64 0.44 128

14 90. 52 1.50 2.81 122 L8 93.63 1.71 1.15 135

Ur2 H1{E (4) 87.18 1.50 2. 84 126 Ur2 ¥{E (33) 95. 09 1. 65 0.21 129

T bdl 2R TR & R TG R TR AL 22 AR R i T 22

RIS b Al T 1 CaO 7 i BRI (<1 00) (A
70), Y,0, FRTE 0.89% ~5.66% 2 b, 34 & &
H 2,59 KBA XS KAGXEF I Y.0, %
HHBAAEER., KEAXIE DG K Y0, & &
TE 4. 96 %0 ~5. 33% Z 8] ¥ B @k 5. 33% /&2
AWK AR (WG Y. 0, SR7E 3% A
Y,0,+Ce, O, & HE7E 1. 12% ~6. 32% 2 8] ¥ {4
R 357 Vo o JU LA TN A1 A B A A ik R Ik 2R Al
R B Y. 05 +Ce, O & it 5 7E 2. 642
~6.32% Z 8], S N 4. 45 % 5 16 B F R A P A
WKL 5 B A 1 Y, O +Ce, Oy 3 5 e ik, & T
TE1.12%0~3.63% 2 . P& &R 2. 21 % (K
7d), UO,-(Y,0,+Ce, O Ffi#t b UO, 5(Y,0,+
Ce, O9) Z ] B A U7 W AR SV (8] 7e) 4878 Y. Ce
FIREHEA S BT A% U T U R E R AL E
£, R E B 2 REY {H (>1%; Mercadier et
al. ,2011) 1 & BT Bl A 38 5 I 02 iR (> 3501C)
WEEF . ARPFR BR, 2REY {H (A 304X
PLCet Y HMRFEIR 1.62% ~4.64% (F 2). ¥ 5
F 100 RMPA T AR5 T8 T &R (C>3500)
T . BaBGEMEA) T amiRa®y ah,
fR AN R A S REY (5 5AER Th &
i AT RR R O AR R B AR, Th & K
OB 7 H AL S Th 7 W py il AR B S,
Joig ThO, & &, Th/U HAHIE & X REY {H, %
I AE B v R e v 1 WG A0 Pt Bk b 1) ot B i 0 110
T i P A I Al 265 78 1 L 2 O A0S . A1 Ot 2 BH T
HEA PR o 1 BTl 0 R R W] BB TR 1 T 2 2K T AR
PR 55 33K Al (] 432 s e s B A B4 IR e B 1 R 4
JOKIE BT e kB AR R A oA S R B B 4 7T fE
BIIE BT 4 - i O A 5. UO,-PbO [ i i
/RS PbO 5 i B 58 A 43 2k WG A DX ) 55 — A4S X JE) N

PbO &8 1E 1.19% ~ 1. 74 % Z [a], 55 — 4> X [a] 4
PbO & HAE 2. 08% ~2. 67 % Z ] (& 7)., — &Ik
o f S TP P32 ke U Tl RN B T R I
P PhO & B e — E R B 5 4 A K
(Xu Guoqing et al. ,1982), K tt, PbO & & #) B 3
25 SRR AT IR A AE W BT X AR R 3
KB 6 e AR
4.2 BRRWMTERSTROEERK

B CRME D T i A1 Wk R 5 B A0 v
de, &l 62) LI AR 88 53 53 g 188 Ma~ 210 Ma
5 99 Ma~139 Ma, 14 4~ K B (4 X 38 (DGZ) f Ji
Hh (UrD By 554§ 7E 188 ~210 Ma Z [a] , F- 4
fHl 198 Ma, 21 A~ K [ X IR (WGZ) & it 4l 9~
(Ur2) (il S54RI 75 115~139 Ma Z i), F¥1{H K
130 Ma, PARFREKEh ™ & S K a9 LA =
F A (B 4b) g oR el AR % . BB A
KR R R BRI (P 6b) H, BT 643 A7 9 i o
Wt o 55 A R P AR 2 R T AR
#4121 ~138 Ma 5§ 6 A~ 55 45 %, F- YAy 132
Ma, 1fif 5 Fe k4l ™ 2 Az 1 55 — 28 b Al (o TR A
IOALERAR T 192 Ma (90 55 AR 0% . 18 5 R Rk 5 7Y
Pk B 60 Hp L 5 40 40k sl0RLIR 28 4k a5 3
AW R (A 6e) - R o 114~137 Ma, 33
AW ASIACE B4R 82 129 Ma, /R IZE B A E
BT HE L. BP0 a8, 5 PR Bk Al 2k A 1 T
fhay™ CRMAR IR 43 k15T 205 Ma, 208 Ma, 217 Ma
2 3 AN EARRE (B 6d) . EIRARAC 2R G5 W] L4k
BRIl 86 87 DR rp A7 76 195 30 0 3 ™ 4P k% . X 188~
217 Ma, 99~139 Ma 414 1% 5 5 b 15 s il &
RATHI P Fe AR A AR 4 51y 200.6 £3.3 Ma
(=2 R W) 5 128.640.2 Ma (g 2 it
B (B 8) R B AR FH N 4l 98 1 R A7 75 W — 5 h oK 1A
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plagioclase gneiss type ore; (c,e)—in granitic gneiss type ore from the Huayangchuan deposit; (d)—biotite plagioclase gneiss type ore from

the Caopinggou ore occurrence
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Fig. 7 Elemental characteristics of uraninite grains in different U-rich samples from the Huayang-chuan deposit
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(a)—U vs Th; (b)—Pb vs Ce; (¢)—U vs Ca; (d)—Pb vs (Y+Ce); (e)—U vs (Y+Ce); ({)—Pb vs U. Uranium mineralization in (D

(pegmatitic) carbonatite veins,and in @ biotite plagioclase gneisis associated with hydrothermal uranium veins and in @) granite gneiss

associated with hydrothermal uranium veins from Huayangchuan. @ Uranium mineralization samples associated with biotite plagioclase

gneisis were taken from the Caopinggou ore occurrence adjacent to the Huayangchaun deposit.



wooB

2286 http://www. geojournals. cn/dzxb/ch/index. aspx

s
2019 4§

SR EMWNIHET WAER . 4560 Yt g e
AEW T IRP AV N AFAE~201 Ma 5~
129 Ma P .

40
128.6 +0.2Ma

n=108
35+

304
254

20

Lk 3

200.6 £3.3 Ma
104 n=22
'

80 100 120 140 160 180 200 220
- (Ma)

8 AL BRI G X BT Al A 127 AR 8 Al B 7 1]
Fig. 8 Histogram of the chemical ages for uraninite

grains from the Huayangchuan deposit

AR AR BN BT E /Y /N R 08 3t X4 T8 1 A D
54 .41 # (Wang Xiuzhang et al. , 1992; Huang
Dianhao et al. ,1994,2009;Ren Fugen et al. ,1996;
Stein et al. , 1997;Li Houmin et al. ,2007;Li Nuo
et al. ,2008;Mao et al. , 2008,2011) 7 & 1) E) 52 31
W AE A (Lu Xinxiang et al. , 2006, 2008; Chen
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Abstract

The Huayangchuan uranium-niobium polymetallic deposit which is located on the southern margin of
the North China Craton, is a large carbonatite-related uranium deposit. Based on detailed field geological
work, this paper focus on the petrography, mineral chemistry and chronology of the uranium minerals,
using field emission scanning electron microscopy (FE-SEM) combined with energy Disperse spectrum
(EDS) and electron microprobe analysis (EMPA). The results show that primary uranium mineral is
betafite, followed by uraninite. Uraninite chemical U-Th-Pb geochronology and mineralogical evidences
provide the timing constraints and insights into the formation of the Huayangchuan uranium-niobium
deposit. Two types of mineralization are identified and documented here: magmatic uranites and betafites
related to (aegirine-augite) biotite calcite carbonatitic and syenite pegmatitic veins, formed during the peak
(~ 201 Ma) associated with a large number of altered betafites, and high-temperature vein-hosted
uraninites and betafites related to granitic gneiss, formed during the peak (~129 Ma) with few unaltered
betafite grains. Minerology and mineral chemistry study indicate that the uraninite and betafite formed at
the late stage may precipitate from the Yanshanian magmatic hydrothermal fluid which leached the uranium
element from the early betafites. It is demonstrated that the early uranium mineralization related to the
(Aegirine-augite) biotite calcite carbonatitic veins, is the primary stage for the deposit, while the late
uranium mineralization may be only the altered produced due to the Yanshanian magmatic activity. In
summary, the Huayangchuan uranium-niobium deposit show the genetic relationship with the Indosinian-

Yanshanian carbonatitic veins but superimposed by the Yanshanian magmatism activity.

Key words: uranium-niobium deposit; betafite; uraninite; mineral chemistry; chronology; Huayangchuan
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Table 1 Analyses results of uraninites by EMPA
\ HINE WIS OZD)
FE i w5 - ‘ - N
MgO | Al;O3 | SiO; | MnO | FeO | CaO | TiOz |[NbyOs;| ThO, | Na;O | UO; | Ce; O3 | PbO | Y203 | Total
L0 bdl bdl bdl bdl bdl | 0.41 | bdl bdl | 0.11 | bdl |88.48| 0.80 | 1.66 | 3.02 | 94.49
D1 bdl bdl bdl bdl bdl 0. 57 bdl bdl bdl bdl |80.21| 0.63 | 2.13 | 5.66 | 89.20
L2 bdl bdl 0.02 bdl 0.01 | 0.26 bdl 0.05 | 0.05 bdl |88.45| 0.92 | 1.53 | 3.11 | 94.40
L3 bdl bdl 0. 03 bdl 0.01 | 0.45 bdl bdl 0.22 bdl |89.25| 0.97 | 1.53 | 3.17 | 95.63
D4 bdl bdl 0.03 bdl bdl 0.59 bdl 0.03 bdl bdl |81.90| 0.92 | 2.13 | 5.08 | 90.67
L5 bdl bdl 0.04 | 0.03 | 0.04 | 0.22 bdl bdl 0. 20 bdl 91.59 | 0.83 1.59 | 2.88 | 97.43
L6 0.01 bdl 0.02 | 0.01 | 0.05 | 0.44 bdl bdl 0. 16 bdl | 91.11| 0.73 | 1.55 | 2.73 | 96.83
L7 bdl bdl bdl bdl 0.06 | 0.23 bdl 0.01 0.12 | 0.01 |92.20| 0.73 1. 61 2.54 | 97.51
L8 bdl bdl 0.03 bdl bdl 0.25 bdl bdl 0.17 bdl |90.02| 0.75 | 1.56 | 3.10 | 95.89
L9 bdl bdl 0.01 | 0.02 bdl 0. 25 bdl 0.02 | 0.20 bdl |88.45| 0.97 | 1.57 | 3.18 | 94.67
L10 bdl bdl 0. 05 bdl 0.03 | 0.19 bdl bdl 0.31 | 0.03 [89.17 | 0.76 | 1.54 | 3.05 | 95.13
L11 bdl bdl | 0.05 | bdl bdl | 0.20 | bdl bdl | 0.30 | bdl |89.20| 0.77 | 1.58 | 3.12 | 95.22
L12 bdl bdl 0.02 bdl 0.02 | 0.59 bdl 0.01 | 0.22 bdl [89.75| 0.72 | 1.64 | 3.23 | 96.18
L13 bdl bdl 0. 04 bdl 0.06 | 0.30 bdl bdl 0. 24 bdl |87.57 | 0.81 1.45 | 3.68 | 94.15
D14 | bdl bdl bdl bdl bdl | 0.60 | bdl bdl | 0.09 | bdl |81.77| 0.57 | 2.22 | 5.44 | 90.69
D15 bdl bdl bdl bdl bdl 0. 60 bdl bdl 0. 06 bdl |81.53| 0.55 | 2.22 | 5.45 | 90.41
D16 bdl bdl 0.01 bdl bdl 0.20 bdl bdl 0.03 bdl 83.47 | 0.44 | 2.35 | 4.96 | 91.45
17HD-13-2 D17 bdl bdl 0. 03 bdl 0.05 | 0.32 bdl 0.06 | 0.05 bdl | 80.72| 0.68 | 2.25 | 5.46 | 89.62
D18 bdl bdl bdl bdl 0.01 | 0.28 bdl bdl bdl bdl |80.88| 0.74 | 2.11 | 5.25 | 89.26
D19 bdl bdl bdl bdl 0.02 | 0.40 bdl bdl bdl bdl |80.06| 1.00 | 2.21 | 5.02 | 88.70
D20 bdl bdl 0.01 bdl bdl 0.48 bdl 0.01 bdl bdl |81.56| 0.77 | 2.12 | 5.21 | 90.15
D21 bdl bdl 0.02 bdl 0.02 | 0.28 bdl bdl 0.01 bdl | 81.68| 0.78 | 2.27 | 5.44 | 90.50
L22 bdl bdl bdl bdl 0.01 | 0.52 bdl 0.01 | 0.15 bdl |87.39| 0.96 | 1.57 | 3.08 | 93.68
L23 bdl bdl bdl bdl bdl 0. 50 bdl 0.01 | 0.23 bdl [89.73| 0.77 | 1.68 | 3.34 | 96.26
D24 bdl bdl bdl bdl bdl 0. 43 bdl bdl 0.12 bdl | 81.66 | 0.67 | 2.33 | 5.37 | 90.57
D25 bdl bdl bdl bdl bdl 0.21 bdl 0.01 | 0.08 bdl | 81.64| 0.55 | 2.20 | 5.47 | 90.16
D26 bdl bdl 0.02 bdl 0.03 | 0.59 bdl bdl 0. 06 bdl |81.81| 0.74 | 2.09 | 5.27 | 90.60
D27 bdl bdl 0.01 bdl 0.04 | 0.29 bdl 0.01 | 0.02 bdl 81.60 | 0.84 | 2.08 | 5.48 | 90.35
L.28 bdl bdl 0.01 bdl 0.05 | 0.42 bdl 0.01 | 0.23 bdl |89.65| 0.84 | 1.60 | 2.77 | 95.58
L29 bdl bdl 0. 04 bdl .01 | 0.21 bdl bdl 0.24 bdl |88.94| 0.72 | 1.54 | 3.05 | 94.74
130 bdl bdl 0.03 bdl 0.02 0.18 bdl 0.03 0.21 bdl 89.97 | 0.80 1.59 2.87 | 95.68
L31 bdl bdl 0.01 bdl bdl 0. 24 bdl 0.02 | 0.28 bdl |88.39| 0.90 | 1.56 | 3.15 | 94.53
L32 bdl bdl 0.01 bdl 17 | 0.80 bdl 0.06 | 0.22 bdl |90.43| 0.73 | 1.57 | 3.15 | 97.13
L33 bdl bdl 0.03 | 0.03 | 0.15 | 0.69 bdl 0.01 0. 25 bdl 90.77 | 1.08 1.40 | 2.67 | 97.08
L34 bdl bdl 0. 06 0.02 0.19 0. 69 bdl 0. 05 0.27 bdl 87.28 | 0.87 1. 61 3.65 | 94.69
L2 bdl bdl bdl bdl 0.05 | 0.21 bdl 0.01 | 0.36 bdl [92.79| 0.83 | 1.58 | 2.36 | 98.19
L3 bdl bdl bdl 0. 04 .03 | 0.23 bdl bdl 0.29 bdl |90.90| 0.97 | 1.63 | 3.34 | 97.43
L4 bdl bdl 0. 04 bdl 0.02 | 0.16 bdl bdl 0. 30 bdl 93.18 | 0.75 1.60 | 2.47 | 98.52
D5 bdl bdl bdl bdl 0.13 | 0.19 bdl 0.03 | 0.32 bdl 89.41 | 0.88 1.53 | 2.91 | 95.40
17HD-13-3(1)| D6 bdl bdl bdl 0.01 12 | 0.22 bdl bdl 0.21 bdl |89.84| 0.73 | 1.49 | 3.30 | 95.93
D7 0.02 bdl bdl bdl 0.09 | 0.29 bdl 0. 01 0. 25 bdl |89.75| 0.85 | 1.55 | 3.25 | 96.04
D8 bdl bdl 0.01 bdl 0.10 0.21 bdl 0.01 0. 30 bdl 89.71| 0.73 1. 54 3.25 | 95.86
L9 bdl bdl 0.01 | 0.01 | 0.01 | 0.17 bdl bdl 0. 45 bdl 91.91 1| 0.83 1.44 | 2.46 | 97.28
L10 bdl bdl 0.02 bdl 0.03 | 0.28 bdl 0.01 | 0.26 bdl |90.55| 0.69 | 1.60 | 3.33 | 96.77
L1 bdl bdl bdl bdl bdl | 0.16 | bdl bdl | 0.30 | bdl |94.25| 0.86 | 1.59 | 2.13 | 99.28
L2 0.01 bdl 0.02 bdl 0.05 0. 14 bdl bdl 0.28 0.03 [93.05| 0.86 1. 63 1.78 | 97. 84
17HD-13-3(2)| D3 bdl bdl 0.03 | 0.02 | 0.02 | 0.63 bdl bdl 0. 64 bdl [89.22| 1.28 | 1.51 | 2.99 | 96.33
D4 bdl bdl bdl bdl bdl 0.19 bdl 0.01 | 0.36 bdl |88.94| 0.97 | 1.51 | 3.05 | 95.03
D5 bdl bdl 0.04 | 0.02 | 0.02 | 0.22 bdl bdl 0. 36 bdl 88.77 | 0.87 1.46 | 3.01 | 94.76
D1 bdl bdl bdl 0. 06 bdl 0.19 bdl 0.02 | 1.87 bdl |90.21| 0.78 | 2.57 | 1.29 | 96.99
18CPG-5 D2 bdl bdl 0.01 | 0.01 bdl 0.17 bdl 0.04 | 1.95 bdl | 90.47 | 1.34 | 2.53 | 1.49 | 98.02
D3 bdl bdl bdl 0.02 | 0.05 | 0.17 bdl 0.02 | 1.80 bdl |90.07 | 0.77 | 2.67 | 1.32 | 96.88
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MgO | ALO; | SiO, MnO | FeO CaO | TiO; |Nb;O;| ThO; | Na;O | UO, |Ce;O3 | PbO | Y03 | Total
L1 | bdl | bdl | bdl | bdl | bdl | 0.57 | bdl | bdl | 2.98 | bdl |83.14| 2.97 | 1.43 | 1.92 | 93.00
ISHH-17 L2 bdl bdl 0.02 bdl bdl 0. 26 bdl 0.03 4. 88 bdl 83.58 | 2.64 1. 49 2.00 | 94.89
L3 bdl bdl 0.02 | 0.04 0.03 | 0.26 bdl bdl 0. 69 bdl 91.47 | 0.12 1. 59 2.12 | 96. 35
L4 bdl bdl 0.01 bdl bdl 0.21 bdl bdl 2. 81 bdl 90.52 | 0.42 1. 50 2.22 | 97.68
D1 bdl bdl bdl 0.03 | 0.10 | 0.21 bdl bdl 0. 04 bdl | 94.52 | 1.31 1.61 | 1.21 | 99.04
L2 bdl bdl bdl bdl bdl 0.52 bdl 0.02 | 0.57 bdl |92.78| 0.44 | 1.61 | 2.94 | 98.89
L3 bdl bdl 0. 05 0.01 0.05 | 0.22 bdl 0.03 0.52 bdl 93.85| 0.45 1. 59 2.88 | 99. 64
D1 bdl bdl 0.01 bdl 0.01 1. 41 bdl 0. 04 bdl bdl 96.99 | 0.06 1. 69 1.42 |101.62
D2 bdl bdl bdl bdl bdl 1. 09 bdl bdl 0.21 bdl 96.27 | 0.41 1. 70 2.07 |101.75
3 bdl bdl bdl bdl 0.06 | 0.87 bdl bdl 0. 10 bdl 96.99 | 0.11 1. 49 2.14 |101.74
4 bdl bdl bdl 0.01 0.01 0. 87 bdl bdl 0.01 bdl 96.85| 0.09 1. 66 2.23 |101.74
5 bdl bdl 0.01 bdl bdl 0.19 bdl bdl 0.61 bdl |95.33| 0.55 | 1.63 | 2.38 |[100.70
1 bdl bdl 0.01 bdl 0.01 1. 41 bdl 0. 04 bdl bdl 94.68 | 0.06 1. 69 1.42 | 99.31
2 bdl bdl bdl bdl bdl 1. 09 bdl bdl 0.21 bdl 93.98 | 0.41 1.70 | 2.07 | 99.46
3 bdl bdl bdl bdl 0. 06 0. 87 bdl bdl 0.10 bdl 94.67 | 0.11 1. 49 2.14 | 99.43
4 bdl bdl bdl 0.01 0.01 0. 87 bdl bdl 0.01 bdl 94.54 | 0.09 1. 66 2.24 | 99.43
5 bdl bdl 0.01 bdl bdl 0.19 bdl bdl 0.61 bdl 93.05| 0.55 1.63 2.38 | 98.43
4(1) bdl bdl 0.01 bdl 0.05 | 0.82 bdl bdl 0. 14 bdl |93.92| 0.14 | 1.63 | 1.98 | 98.70
5(D) bdl bdl bdl bdl 0.01 | 0.09 bdl 0.01 | 0.14 bdl |96.52| 0.33 | 1.71 | 1.29 |[100.11
6 bdl bdl bdl bdl 0.09 | 1.40 bdl bdl bdl bdl 96.63 | 0.12 | 1.60 | 1.12 |100.98
17H56-02 L9 bdl bdl 0.03 bdl 0. 36 0.17 bdl bdl 0. 36 bdl 94.76 | 0.74 1. 67 1. 21 99. 32
L11 bdl bdl bdl 0.01 0. 10 1. 28 bdl 0. 05 bdl bdl 97.48 | 0.08 1. 68 1.34 |102.01
L12 bdl bdl bdl bdl 0.06 1.18 bdl 0. 04 bdl bdl 95.97 | 0.10 1. 66 1. 36 [100. 36
D13 bdl bdl 0.01 bdl bdl 0. 28 bdl bdl 0.48 bdl 90.20 | 0.57 1.61 3.06 | 96.22
L14 bdl bdl 0. 05 bdl 0.03 0.22 bdl bdl 0.02 bdl 95.00 | 0.45 1.73 2.19 | 99.69
L15 0.01 bdl bdl 0.01 bdl 1.12 bdl 0.01 bdl bdl |93.53] 0.02 | 1.69 | 2.36 | 98.75
116 bdl bdl bdl 0.03 bdl 0.19 bdl 0.01 0.09 bdl 97.13 | 0.08 1. 71 1.04 |100. 28
D17 bdl bdl bdl bdl 0. 04 0. 26 bdl bdl 0. 26 bdl 94.13 | 0.22 1.61 1.62 | 98.13
D18 bdl bdl bdl 0.01 0.03 1. 45 bdl 0.01 bdl bdl 97.06 | 0.21 1. 69 1.12 |101.59
L1 bdl bdl 0. 04 bdl 0.06 | 0.64 bdl 0. 04 0.06 | 0.02 | 94.81 | 0.79 1. 60 1.53 | 99.59
L2 bdl bdl 0. 05 bdl 0.06 | 1.01 bdl bdl bdl 0.44 [ 94.15| 0.13 | 1.74 | 2.71 [100. 28
L3 bdl bdl 0. 04 bdl 0.01 0.74 bdl 0.09 0.31 0.02 |96.59 | 0.38 1. 65 0.89 [100.71
L4 | bdl | bdl | 0.05 | bdl | bdl | 0.55 | bdl | bdl | 0.21 | bdl |95.30| 0.99 | 1.69 | 1.19 | 99.98
L5 bdl bdl 0.08 bdl bdl 1.03 bdl 0.03 0.13 0.03 | 96.62| 0.49 1. 66 1.38 |[101.43
L6 bdl bdl bdl bdl 0.09 | 0.61 bdl bdl 0.11 0.05 [ 95.08| 0.66 1. 64 1.46 | 99.70
L7 bdl bdl 0.01 bdl 0.06 | 0.63 bdl 0.08 | 0.44 | 0.02 |95.07| 1.14 1. 64 1.33 |[100.41
L8 bdl bdl 0.02 bdl 0.11 0. 66 bdl bdl 1.15 | 0.03 | 93.63| 1.08 1.71 1. 83 [100. 20
L1 bdl 1. 46 1. 55 0. 04 0. 04 0.15 bdl bdl 2.79 0.05 |90.23 ]| 1.29 1. 48 1.26 |100. 34
) L2 bdl bdl 0.03 bdl 0.01 0.43 bdl 0.02 2. 84 bdl 83.44 | 1.38 2. 19 2.79 | 93.14
1THOTS L3 | bdl | bdl | bdl | bdl | bdl | 0.14 | bdl | bdl | 3.20 | 0.01 |93.22] 0.85 | 1.71 | 1.00 |100.14
14 bdl bdl 0.02 0.01 0.07 0. 24 0. 04 bdl 2.03 0.03 |92.73| 1.07 1. 74 1.60 | 99.57
1L1 bdl bdl 0. 04 bdl 0.02 | 0.52 0. 06 0. 06 1.67 | 0.15 | 87.22| 0.41 1. 57 2.93 | 94.65
11.2 bdl bdl 0. 04 0.02 bdl 0. 34 bdl bdl 0. 48 0.02 | 88.50| 3.24 1.62 1.61 95. 87
113 bdl bdl bdl bdl bdl 0.53 bdl bdl 0.58 | 0.06 |89.41 | 2.46 | 1.57 | 1.91 | 96.52
1411 bdl bdl bdl bdl bdl 0. 47 bdl bdl 0.56 | 0.03 |85.72| 2.96 | 1.49 | 2.73 | 93.96
17HO07-26 141.2 bdl bdl bdl bdl bdl 0.12 bdl bdl 1. 50 .01 [ 89.76 | 2.24 1. 69 1.34 | 96.67
141.3 bdl bdl 0.03 bdl 0. 06 0.22 0. 04 0. 05 3. 16 bdl 82.25 | 2.41 2. 26 2.73 | 93.22
1414 bdl bdl bdl bdl 0.02 0.35 0. 14 0. 14 1.62 bdl 87.11 | 3.37 1. 20 1.55 | 95.50
1415 bdl bdl 0.01 bdl 0.01 0. 30 bdl 0.01 1. 58 bdl 87.18 | 2.35 1. 49 2.50 | 95.43
141.6 bdl bdl 0. 04 bdl 0.07 | 0.41 bdl 0.01 0.61 bdl 89.49 | 2.80 1. 55 1.74 1 96.71
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MgO | ALO; | SiO, MnO | FeO CaO | TiO; |Nb;O;| ThO; | Na;O | UO, |Ce;O3 | PbO | Y03 | Total

113 bdl bdl 0.11 bdl 0.07 | 0.37 bdl bdl 2.21 | 0.06 | 86.75| 3.32 1.52 1.42 | 95.82

3L1 bdl bdl bdl bdl 0.06 | 0.34 bdl 0.03 3.15 bdl 87.42 | 2.43 1.53 1.67 | 96.63

3L.2 bdl bdl 0. 06 bdl 0.07 0.12 bdl bdl 0. 60 0.02 [92.18| 1.19 1.48 1.65 | 97.35

3L3 bdl bdl 0.01 bdl bdl 0.46 bdl 0.03 | 2.67 bdl [87.35| 1.79 | 1.63 | 1.68 | 95.61

314 bdl 0.04 | 0.23 bdl bdl 0. 40 bdl bdl 3.22 bdl 86.47 | 2.63 1. 56 1. 84 | 96. 39

3L5 bdl bdl 0.03 | 0.01 0.04 | 0.36 bdl bdl 3.12 | 0.04 | 87.54| 1.93 1.53 1.71 | 96. 30

17H07-28 3L6 bdl bdl 0. 04 bdl bdl 0.41 bdl 0.04 | 2.19 | 0.05 |87.87 | 2.20 | 1.61 | 1.62 | 96.03
411 bdl bdl bdl bdl 0.01 | 0.14 bdl bdl 0.55 bdl [92.36| 1.38 | 1.67 | 1.79 | 97.89

41.2 0.01 bdl 0. 06 bdl bdl 0.15 bdl 0.01 | 0.81 | 0.01 [91.57| 1.41 1. 56 1.70 | 97.28

41.3 bdl bdl 0.07 bdl bdl 0.16 bdl 0.03 1.41 bdl 88.42 | 1.76 1.54 2.40 | 95.79

41.4 bdl bdl 0. 06 bdl 0.02 0.18 bdl 0.03 0. 64 bdl 88.68 | 1.29 1. 50 2.29 | 94.69

415 bdl bdl 0.01 bdl 0.02 | 0.37 bdl 0.07 1.32 bdl 88.87 | 1.87 1. 19 1.52 | 95.22

41.6 bdl bdl bdl bdl 0.01 | 0.18 bdl bdl 0.37 | 0.01 |92.49| 1.53 1. 55 1.73 | 97.87

41.7 bdl bdl 0.02 0.01 bdl 0.19 bdl 0.01 1. 38 bdl 89.17 | 1.45 1. 58 2.20 | 96.02

1L1 bdl bdl 0.07 0.01 0.02 0.41 bdl 0.08 1. 15 bdl 90.07 | 2.01 1.63 1.44 | 96. 89

17H07-221 112 bdl bdl 0.02 bdl 0.02 | 0.23 bdl bdl 1.84 | 0.01 | 91.89| 0.77 1.72 1.89 | 98.41
113 0.02 bdl 0.04 | 0.02 bdl 0.48 bdl bdl 3.11 | 0.03 | 87.36| 2.65 1.53 1.50 | 96. 74

114 bdl bdl 0.02 bdl 0.13 0. 40 bdl 0. 05 3. 33 bdl 89.11 | 2.21 1. 69 0.93 | 97.86

115 bdl bdl 0.01 0.01 0.15 1. 48 1. 47 2.43 2. 30 0.05 | 83.85| 1.07 1. 41 1.44 | 95.67

17Ho7-221 1D6 bdl bdl 0.04 | 0.01 | 0.03 | 0.64 | 0.16 | 0.59 2.56 bdl 86.32 | 0.34 2. 31 2.96 | 95.96
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