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Fig.1 Simplified regional tectonic-magma map of the Lesser Qinling area



406 Atetod s Ko B

ANl
(1914

=)

[#]13

t++++++++t+t+tt+t+t Attt

+H++++++ Attt + ﬁN
‘ +H+++++F A+
™ L 1
< ‘ SR AF AR AP AP AR an ap s a5 () S5 RS Gh R R GR R R ap o ee——
+

FH+++
S i S S S e S S S S A e

++++++++++ 0

B i S S S S
SR S S S S S S A S e

R T
+ 4+ 4+ +

1SR, 2. KAEERE 3. RHAPERRRA; 4. DI R, 5. BEEM F A 6. REFER IS, 7. THWHRIT; 8. LKA (R ILAKRES LA
1), 9. FERAR A K 10, TERBEA K, 11, SABATE A, 12 S IkeA T, 13, (DI, 14, B (16 ).

B2 AEPEIShERERH ARE X R & E
Fig.2 Geological map of the Huayangchuan U-Nb-Pb deposit

ZEW N ELARSAE(E 2, $8RiAE, 2008). B IXA)Z
REME, FEGIERKBEE . 5 dh A O R
HAF, BRI B2 N . 78R BEE
3 SN R N R Y DN T i SR T
Hi b A UL/, S AR BRI 2 A T4 BH T 2ty o,
ALV ) A R BB R, — T8 LK 2
JLA, 8 SR, AR 1 WTRATT R A Rk
AR MR SR R T M, H e OB
BRI T AE B B, BRI e TE Il R

3 B AR

2 HT N R G L T A TAE, AR PR PR 2R
G B 45 bR B E AT (R —~ (K 3), #1207 S al ot
PR XX, i — B 7E 0.01%~0.0319% 2 [11], F-34
a2 0.0159%; TR b PR B IR AT T M, AL
— B 7E 0.0125%~0.0258%, “F-4 5117 0.0189%; 4}i¢
VR EHCH T, S —EFE 0.5%~0.85%, “F-¥4 5
0.55%. W {A&%h . #. BYSh OB AREAL, JREh s A
YEENSE, HEEREARAR, 2— D24 E 8
) R IR .

W AR FZWRAE T XK IR = BH R R
FORR A YRR B RRCA . R b EE SRS
ik . BRiR Dk BB LA, e F 8 Sk A
P 7 fif A A S A O K S o e A L S A R A KT 2

53R A6 B i A R ORVER A A bk (BR PR AE B £
aa BK) SRR A KT A0 o MK A A Ay
fEA k. SO ARERAT RO, TRa
/e 5 AT Y R T R K o R R ik
5 ks LR B AR A K, S A O R A A
B Jok V) 2 40 D fok ER 7 A e KRR TR 2 Tk ) 24
B, STV . A ) 2 80 6 ok o T o 4 4 TR AR
JkHE (FRVE TG 55, 2018), W IR A% ZIRTR A . flinA
SEULBL KA BRI, AR R 5 KA B SR IR
— 2, WimdbA 30°~40°, fHifs 40°~45°, BkiksrAi
BEERR, BT, AR R Rz, ki
Sy AR B, YOS, W RSN, B Y 500~
1000 m, KJEKTF 6000 m, i A 0 b B
ASTRTBA, SR RACIR, 5 AT T0UJRE A S A6 rf i e 35 47
WL EE S, 22700 AR (F 3).

R B A 2B, 0 IR A BT A nT 2 5 i
AR A MR A B A . A B A A
Yy B2 PR S TR AR, Ba ) R
A R AaaY, HKRAEwRG A . 94,
ANA . B bR 5. kRS A AT A
WY FEoRPREED . R L. (Sl
KA. FHNE R Malist 0%, ooy EE
MITRAT . AR SR AR, R A -
WEMSAO, REA-PXEAL. WA, AINA.



%3/

AEBE PMRIGER)IHERT RMT LIRS 407

SRR
BT 47
SR

Zk1

Zk1609

M

608

802.18 m

™\

892.05 m

916.37m

3 fEPR)IISHERSAT IR 16 SEIER L 5w & E

Fig.3

Bty MEA L B WA RERRE A BT
55 o BVl AT TR W0 O O 0 e,
2 20 O BRCIR 8T A OB TR B RBR , xk
PRI WL SRR . RYSIR Sl fr . 22580
2R RIS S e S it i R NG B RV QR Ol S TN
YL 2%, ASEAh . g8 B AR R R I (R
PRBRAE, [EMB R R WA (AR T T80 . P28
L (R 5 48, 2018). PRkl L% e PR e £ 200
TN, PERY, JrETE R i EE RS AT . Pesk
Wy EERETEIAK . 2 AR-ARRAR D A, T7
BT 32 B IR R A A L A IR LK AT Btk
I A

4 A Bk

TEVEAN B BF A0 5 R b, 2 H X IR CA B
FLIR IR 20 S5 PR BEAT T Rk, O S A4
fLIE 10000 m A0 T4 5, HURE 460 B, %50 i
F276 Hi. WSRO IR S0 KA LR E AT 120

Cross-section along the No.16 prospecting line in the Huayangchuan U-Nb-Pb deposit

LA AR, AR A kU W A e B
e, Bbbfe. N R A RAE; Bk
2 Dk LUK Sa KA AR D R, 2 B
BATEMA . AN BT MG B
JEf . W AR SRS

TEMCHERS b, MRIERK AR A | A2 5 2L
BRI SR, LG AT AT SR 2R 2
TARFHN AP E B RIS U o 5 PR A I i
BRI 73 o A 0 L BRI A W AN R R AL - AL
Vi), hees b 2R AN A MK -k
bR TN A A B BE L R Bk TR S 39 B 55 0 A - R Bk
ALK BE . AA DN A7 A8 A0 B A B BRI A -1
w0 B B, B Al R TR ITR £R 1L - A 4 3]
(F 4)o BeAPIEAT B My TR 5 S Ay, b KB 1 /b
REHE . (SH)K BT (FHNB S
A A Al B, T X R ) R A,
ASCHE Joy 8 S AR S A T R BB 7 UK P, PR HIR %
Ba E LB A e, TR AR AR OO 39T vl 4y
ORI



408

Atetod 4

B @

445

L ER

FREH

HERE H

RERE - L

w/E A
R

KA
EoES-ARNANK

B

BN~
BB W B

AIiNA-
Ba-HRA
B

mER-
BB AMER

R

(73738
B2

FERE
B B

#BKA

#BKA

Lk

liks]

A

RINA

Aot

LERE]

BxA

EASEED

$6 A

HRA

B

E&A

FHA

WEAR

¥ESRE

HA

g3

B

AR

kil

RKEHIH

EEE e S EHH

B4 fEPE)IShESRY RIMTY LEIRE

Fig.4 Alteration and mineral paragenesis of the Huayangchuan U-Nb-Pb deposit
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Aln. #8754 Mnz. JiUE 4 Bat. 484KA05; Gn. Jr 88, Mo. HE4HE .
B 13 EPRJIHEHT KB s A RER-BFaNMRY WASBRIE T
Fig.13 Mineral assemblages of the monazite-allanite veins in the carbonatite from the Huayangchuan U-Nb-Pb
deposit
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Fig.14 Mineral assemblages of the carbonate-sulfide veins from the Huayangchuan U-Nb-Pb deposit
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Fig.15 Microphotographs of the carbonate-sulfide veins from the Huayangchuan U-Nb-Pb deposit
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Fig.16  Chondrite-normalized REE pattern (a) and U-Pb concordia diagram (b) for zircon from ore-bearing
K-feldspar pegmatite from the Huayangchuan U-Nb-Pb deposit
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Table 1 Trace element concentrations (ng/g) of zircon from the ore-bearing K-feldspar pegmatite

n5 La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
HY-7-01  0.00 4.54 0.02 0.22 1.65 0.16 19.5 10.5 169 72.7 392 92.0 1018 190
HY-7-02  0.07 473 0.07 0.63 1.29 0.14 14.5 6.88 117 50.2 282 67.4 759 144
HY-7-03  0.00 6.47 0.02 0.31 1.66 0.15 21.3 9.86 154 66.0 352 83.9 912 172
HY-7-04  0.00 5.93 0.01 0.24 1.87 0.17 215 10.8 173 74.6 395 92.5 1002 191
HY-7-06  0.00 5.59 0.01 0.16 1.48 0.13 19.0 8.38 128 54.7 295 68.2 741 141
HY-7-07  0.01 6.69 0.00 0.20 2.04 0.12 26.7 13.2 225 97.4 536 129 1442 275
HY-7-08  0.01 5.63 0.02 0.25 1.87 0.11 23.7 11.1 187 81.3 451 111 1229 235
HY-7-09  0.00 7.06 0.01 0.43 2.10 0.19 26.7 12.7 199 86.5 451 107 1142 212
HY-7-10  0.01 3.75 0.00 0.15 0.96 0.09 121 5.89 94.5 40.5 226 53.9 603 116
HY-7-11  0.01 6.22 0.00 0.23 2.21 0.18 24.0 11.5 180 74.2 403 93.1 999 195
HY-7-12  0.00 473 0.01 0.27 1.89 0.13 23.2 12.2 192 85.2 468 109 1174 235
HY-7-13  0.00 5.21 0.01 0.28 1.61 0.16 21.4 10.2 167 71.2 392 91.3 989 193
HY-7-14  0.00 5.26 0.00 0.25 1.50 0.10 14.3 6.99 109 46.9 248 58.1 635 121
HY-7-15  0.01 5.61 0.00 0.14 1.76 0.14 20.2 10.9 170 74.4 411 97.7 1079 211
HY-7-16  0.00 6.64 0.00 0.42 2.60 0.17 25.3 12.8 197 82.8 443 102 1087 209
HY-7-17  0.00 5.05 0.01 0.33 1.60 0.11 18.7 8.71 137 58.5 313 73.2 797 149
HY-7-18  0.02 6.60 0.01 0.40 217 0.12 26.0 12.8 203 86.1 463 106 1139 222
HY-7-19  0.00 4.23 0.00 0.33 0.91 0.07 14.7 7.21 113 49.7 270 62.3 705 135
HY-7-20  0.01 6.87 0.02 0.40 2.17 0.17 23.9 11.7 182 76.0 401 925 988 185
HY-7-21  0.00 4.93 0.00 0.25 1.36 0.12 15.8 8.14 129 56.0 299 71.3 774 145
HY-7-22  0.00 5.51 0.01 0.22 1.88 0.15 20.6 9.55 154 64.6 346 82.6 875 165
HY-7-23  0.00 472 0.01 0.13 1.90 0.14 19.9 9.61 154 65.9 363 85.4 913 178
HY-7-24  0.06 3.35 0.07 0.52 0.95 0.15 5.80 3.08 53.6 24.2 138 33.3 383 77.3
HY-7-25  0.19 8.97 0.27 2.34 3.07 0.46 22.8 10.2 163 67.1 365 87.9 957 176
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Table 2 LA-ICP-MS U-Pb dating results for zircon from the ore-bearing K-feldspar pegmatite

o 18 (ng/g) [l {3 2 LA 4E 1 (Ma)
Th U PP 1o PBAU 1o PPOPU 16 TPOPPh 1o PBAU 16 PPHAU 16
1 418 3413 0.12 01116 0.0023 53034 0.1132 0.3427 0.0027 1826 38 1869 18 1900 13
2 249 2245 011 01113 00020 52050 0.0971 0.3371 0.0024 1820 33 1853 16 1873 12
3 434 3241 013 01097 00018 5.1720 0.0858 0.3396 0.0025 1794 34 1848 14 1885 12
4 481 3279 0.5 0.1084 0.0018 5.0160 0.0821 0.3328 0.0024 1772 30 1822 14 1852 12
6 425 2384 018 0.1064 0.0020 5.0964 0.0895 0.3440 0.0027 1739 34 1836 15 1906 13
7 429 5143 008 01079 0.0017 50570 0.0833 0.3367 0.0030 1765 30 1829 14 1871 14
8 316 4239 0.07 01084 0.0016 5.0782 0.0741 0.3371 0.0023 1772 28 1832 13 1873 11
9 577 3638 0.16 01085 0.0017 5.1546 0.0800 0.3417 0.0024 1776 28 1845 13 1895 12
10 231 1911 0.2  0.1079 0.0019 4.9569 0.0878 0.3307 0.0027 1765 33 1812 15 1842 13
11 485 3383 0.4 01083 0.0019 4.9306 0.0836 0.3278 0.0024 1772 32 1808 14 1828 12
12 492 4006 0.12  0.1079 0.0017 4.9288 0.0743 0.3288 0.0021 1765 29 1807 13 1833 10
13 427 3240 0.3 01069 0.0016 5.0798 0.0747 0.3421 0.0022 1747 27 1833 13 1897 11
14 358 2321 0.15 0.1067 0.0017 5.0618 0.0802 0.3412 0.0026 1744 29 1830 14 1892 12
15 347 4165 0.08 01068 0.0020 5.1386 0.0939 0.3456 0.0028 1746 33 1843 16 1914 14
16 565 3571 0.16 01067 0.0020 5.1370 0.0917 0.3461 0.0029 1744 34 1842 15 1916 14
17 394 2619 0.5 0.1081 0.0017 5.2178 0.0880 0.3475 0.0033 1769 29 1856 14 1922 16
18 672 4079 0.16  0.1104 0.0016 5.2393 0.0780 0.3417 0.0023 1805 22 1859 13 1895 11
19 270 2279 0.2  0.1105 0.0017 51877 0.0836 0.3382 0.0025 1809 23 1851 14 1878 12
20 642 3664 0.18 0.1122  0.0019 5.3504 0.0939 0.3438 0.0027 1836 30 1877 15 1905 13
21 352 2595 0.4  0.1131 0.0020 5.2706 0.0930 0.3363 0.0025 1850 32 1864 15 1869 12
22 428 2897 0.5 01124 0.0017 5.3053 0.0854 0.3408 0.0024 1839 27 1870 14 1890 12
23 352 2862 0.2 01117 0.0017 5.2262 0.0829 0.3384 0.0024 1828 27 1857 14 1879 12
24 116 1267 0.09 01108 0.0018 51622 0.0938 0.3372 0.0033 1813 30 1846 16 1873 16
25 338 3704 0.09 01121 0.0021 52368 0.1037 0.3384 0.0030 1835 33 1859 17 1879 14
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Mineralization Paragenesis of Huayangchuan U-Nb-Pb
Deposit in the Lesser Qinling

JIANG Hongjun®?, GAO Cheng?**®", KANG Qingqing®, CHEN Huayong', ZHENG Hui*,

CHEN Bing?, DONG Qianggiang?®, ZHANG Xiongmao?,
L1 Peng? LI Lei% LIU Kuanhou®and HE Shiping*
(1. CAS Key Laboratory of Mineralogy and Metallogeny, Guangzhou Institute of Geochemistry, Chinese Academy
of Sciences, Guangzhou 510640, Guangdong, China; 2. Geological Party No. 224, China-Shaanxi Nuclear
Industry Group, Xi’an 710100, Shaanxi, China; 3. State Key Laboratory of Nuclear Resource and Environment,
East China University of Technology, Nanchang 330013, Jiangxi, China; 4. Xi’an Center of Geological Survey,
China Geological Survey, Xi’an 710054, Shaanxi, China)

Abstract: The Huayangchuan U-Nb-Pb deposit, located at the western part of the Lesser Qinling in the southern margin of the
North China block, is a super-large U-Nb-(Pb) deposit. According to the crosscutting relationships, mineral assemblages and
mineral paragenesis, the minerogenesis of the Huayangchuan deposit can be divided into pegmatite period, carbonatite period
and carbonate-sulfide period. The pegmatite period can be subdivided into the allanite stage and K-feldspar-biotite-amphibole
stage; and the carbonatite period can be subdivided into augite-magnetite stage, amphibole-titanite-apatite stage, and
monazite-allanite stage; while the carbonate-sulfide period can be subdivided into pyrite-magnetite stage and galena stage.
Uranium and niobium mineralization is mainly developed in the pegmatite and carbonatite periods. Lead mineralization,
which postdates uranium and niobium mineralization, mainly occurs in the carbonate-sulfide period. Uranium is mainly
enriched in assemblages of K-feldspar-biotite-amphibole, amphibole-titanite-apatite and monazite-allanite, which can be used
as prospecting criteria for high grade uranium ores. Combining the zircon U-Pb age of ore-bearing K-feldspar pegmatite as
well as the previous chronological results of carbonatites, we inferred that there are two-stages of uranium mineralization in
the Huayangchuan deposit, which probably took place at 1.8 Ga and ca. 220 Ma, respectively.

Keywords: the Lesser Qinling; Huayangchuan; U-Nb-Pb deposit; mineralization sequence



