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Abstract: The Jiling uranium deposit is the most typical Na-metasomatic uranium deposit in North China. In this
paper, the authors studied the geochemical characteristics of ore-bearing altered diorite, near-ore altered diorite,
distal altered diorite and diorite, calculated component migration, fluid inclusions characteristics, homogenization
temperatures, salinity, and made Raman analysis of light pink calcite vein in drill hole ZKJ9-4. The results show
that the hydrothermal fluid is rebalance water from evolved magma, which has rich U in the forms of
[UO,(CO5),]* and [UO,(CO5),]*, together with abundant SiO,, Na', Ca**, Mg®*, Fe*", Mn®*, YREE, U, Th, Ga,
Sr, Zr, Ba, Rb, Nb, Mo, Cd, Sn, Hf, Ti, Ta, CO,, H,S, CH,4, and some other components. The temperature of
ore-forming fluid is (300£20) ‘C, the salinity is 2.99 wt%-~4.57 wt% NaCl, and the density is 0.75~0.77 g/cm’.
Fluid boiling was the ore-forming mechanism of early period hydrothermal fluid, while late period fluid was
mixed with meteoric water, and the fluid mixing further promoted U unloading.

Key words: Longshou Mountain; Jiling uranium deposit; component migration; calcite vein; fluid inclusion;
mineralizing mechanism
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Fig. 1 Regional geological map (a) and local geological map (b) of the Jiling Na-metasomatic uranium deposit
in Longshou Mountain, Gansu Province (after ZHANG et al., 2017)
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Fig.2 Geological map of the Jiling uranium deposit (A), geological section along No. 9 exploration line (B),
petrological characteristics of metasomatic diorite and light pink calcite (C)
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Table 1 Major elements (Wt%), trace elements and REE (><10’6) content of orebody and host rock
in drill hole ZKJ9-4 of the Jiling deposit

FE &b ZKJ9-4-1 ZKJ9-4-2 ZKJ9-4-3 ZKJ9-4-4 ZKJ9-4-5 ZKJ9-4-7 ZKJ9-4-8 ZKJ9-4-9 ZKJ9-4-0

e WHAE mEAE ETRRAE EETpRAr GEATERAE SR N N N
Ak S i o o o S NRE= N A KA
WK A N N A KA K= N
IR /m 471.73-472.13 472.13-472.33 472.33-473.13 473.13-473.93 473.45-473.55 473.93-474.93 478.93-479.23 479.23-479.23 471.20-471.73

SiO, 66.87 68.52 47.63 61.90 49.97 47.79 53.59 52.25 52.80
TiO, 1.46 1.08 1.45 1.42 1.65 1.66 1.43 1.38 1.41
ALO; 14.63 15.40 14.28 16.86 15.95 14.63 16.52 15.32 16.18
Fe,0; 0.89 0.46 2.20 1.42 3.22 3.20 3.51 4.41 3.78
FeO 2.53 2.49 6.07 1.73 6.53 6.50 431 428 435
MnO 0.07 0.09 0.18 0.08 0.17 0.19 0.17 0.17 0.17
MgO 1.01 0.07 2.68 1.09 3.78 3.77 2.98 2.83 2.90
CaO 2.16 1.05 8.96 3.11 4.93 7.64 4.10 3.84 420
Na,O 4.88 5.90 7.19 10.10 6.63 6.03 5.38 5.67 5.52
K,O 3.84 3.61 0.31 0.42 0.89 0.73 2.47 3.96 2.73
P,0s 0.16 0.03 0.91 0.20 1.28 1.27 0.66 0.61 0.66
fe k& 1.61 1.67 7.69 1.67 4.02 5.61 3.87 4.15 4.25
Fe*'/Fe*” 2.56 4.84 2.48 1.10 1.82 1.83 1.10 0.87 1.05
Na'/K* 1.93 2.48 35.16 36.46 11.29 12.52 3.30 2.17 3.06
Y 43.20 47.50 27.90 39.30 26.60 15.20 27.50 39.90 27.40
La 48.10 50.60 54.60 47.60 73.40 56.40 30.30 40.10 37.80
Ce 82.00 95.00 95.40 88.90 111 94.60 74.00 97.60 82.17
Pr 7.79 10.20 9.80 9.64 9.41 9.23 8.57 11.50 9.10
Nd 27.80 35.80 31.90 35.90 29.30 30.90 33.80 41.30 33.47
Sm 5.50 6.24 5.00 6.50 435 5.20 5.97 7.13 5.73
Eu 2.01 1.97 1.43 2.25 1.24 1.47 1.50 1.68 1.30
Gd 5.60 5.93 5.33 6.13 5.39 4.89 5.75 7.17 5.58
Tb 1.12 1.05 0.75 1.04 0.76 0.68 0.74 0.98 0.70
Dy 5.00 4.87 3.20 4.96 2.81 2.40 5.35 6.85 4.84
Ho 1.67 1.78 1.14 1.38 0.955 0.60 0.85 1.20 0.84
Er 4.19 5.92 2.99 4.67 2.88 1.64 2.91 3.82 2.68
Tm 0.92 1.32 0.73 1.00 0.68 0.39 0.35 0.53 0.35
Yb 5.55 7.79 4.10 5.84 3.44 1.93 2.62 3.48 2.39
Lu 1.23 1.51 0.89 1.41 0.77 0.32 0.35 0.43 0.31
YREE 198.48 229.98 217.26 217.22 246.39 210.65 173.06 223.77 187.24
YHREE 19.68 24.24 13.80 20.30 12.30 7.96 13.17 17.29 12.11
SEu 1.11 0.99 0.85 1.09 0.78 0.89 0.78 0.72 0.70
U 7.20 7.70 48.80 55.00 80.00 505.00 6.80 9.20 7.80
Th 32.10 26.40 16.70 41.50 34.20 94.60 26.00 17.60 20.17
Sc 6.30 4.95 7.60 11.00 4.45 2.20 5.00 4.00 4.53
Ti 2 389.00 2 754.00 3 544.00 5718.00 2621.00 2 803.00 3 768.00 4.049.00 3323.00
Y 68.60 51.80 52.70 83.40 48.70 25.20 39.10 61.50 42.37
Cr 10.40 7.85 8.30 7.40 6.85 6.90 9.00 11.40 8.07
Ga 17.60 20.30 19.40 19.50 19.10 20.40 19.20 20.00 19.27
As 11.90 16.40 7.40 8.70 7.40 4.40 3.60 8.30 5.40
Sr 301.60 199.30 202.00 207.9 152.00 166.10 119.80 125.90 117.10
Zr 191.00 297.30 248.00 269.20 255.00 273.90 162.10 170.50 175.30
Ba 475.80 243.00 257.00 293.40 471.00 217.00 109.30 148.00 101.73
Rb 42.10 68.00 49.40 41.40 52 37.30 34.30 49.30 43.27
Co 6.57 491 6.70 10.10 5.99 5.43 9.51 7.62 7.30
Ni 10.70 8.60 9.31 8.38 9.49 8.75 7.78 8.47 6.76
Nb 25.40 23.40 22.40 25.90 33.7 23.50 14.00 11.70 11.87
Mo 7.35 438 2.36 1.59 3.32 2.384 1.01 2.61 1.76
cd 0.10 0.31 0.25 0.46 0.26 0.39 0.06 0.22 0.11
Sn 1.80 3.53 2.59 3.543 2.53 1.908 1.81 2.50 1.77
Hf 3.08 4.94 4.14 3.64 5.19 4.95 2.35 1.89 2.31
Ta 1.68 1.37 2.05 1.82 2.15 1.36 0.71 1.60 1.02
w 1.38 0.43 0.38 0.41 0.59 0.39 3.30 5.07 3.30
Cs 0.38 1.52 0.62 0.64 0.46 0.32 0.53 1.25 0.83
Bi 0.21 0.17 0.16 0.19 0.16 0.14 0.19 0.32 0.25
Sb 0.23 0.51 0.13 0.11 0.12 0.14 0.19 0.29 0.22

Th/U 4.46 3.43 0.34 0.75 0.43 0.19 3.82 1.91 2.67
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Fig.3 Primitive mantle normalized trace elements spider diagram (A) and chondrite-normalized REE patterns (B)
of diorite and metasomatic diorite in drill hole ZKJ9-4 of the Jiling deposit (normalizing values of primitive
mantle and chondrite after Sun and McDonough, 1989)
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Fig.4 The inclusion characteristics of light pink calcite in the Jiling uranium deposit
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a-inclussions along the cleavages; b-inclussions in a line; ¢, d, e-type I inclusion; f-type II inclusion; L-liquid inclusion; V-vapor inclussion
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AR, WEEDIR . RIELR ™ o FEH i S 1 2 5
BERIATEY 15%~40%(K] 4c, d, e)

28 &5 L+V PIHK ISRk, L £%
BRI, V FE BRSO XA AR 2 A 2R IR
SEIR . EEAAE, KN 3~10 pm, KFEHEN 101 ~
2:1, EMGIER . UK . RS AR L SRR
PR . o R 2 A A AR R
45%~70%( %] 4f).,

52 REGERENIKLER
T WS BT R IR By 21 € 7 A A IOk 1 S R 2 AR
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®2 RIRET RAMILECHBAKRFERFEMNESH AR EMRAER

Table 2 The microthermometirc and laser Raman data of fluid inclusions in light pink calcite dyke in the Jiling uranium deposit

T )k S O ey T SULREN
\ — i wE O e ;
FE &b it . N km WBAH/ % A%
. WKE/SC H—IRE/C /wt% NaCl  p/(g/em’) 1%
e CH; H,0 CO, HS CH; N, H,

7KJ9-4-6-1-1 6 —1.8~-0.7 170.3~187.6 1.15~3.18 0.90~0.91 1.29~1.62 20 100.00 51.1 48.9
7KJ9-4-6-1-2 5 —4.1~-2.2 194.0~200.0 3.80~7.32 0.90~0.92 1.70~1.82 15 100.00 22.6 77.4
7ZKJ9-4-6-2-1 5 -3.4~-2.5188.5~195.5 4.41~6.09 091 1.68~1.76 15 100.00 62.5 37.5
7ZKJ9-4-6-2-2 6 —2.4~-2.0 1652~180.6 3.53~423 092~0.93 1.44~1.60 25 022 99.78 12.4 612 26.4
7ZKJ9-4-6-3-1 5 -3.5~-3.1 171.7~173.4 5.55~6.26 094 154~157 20 100.00 54.5 455
7KJ9-4-6-3-2 6 —2.6~-1.7 141.1~171.3 2.91~4.67 0.93~0.95121~1.50 15 0.04 99.96 63.6 36.4
7KJ9-4-6-4-1 4 —43~-4.0 182.4~1855 7.05~7.58 093 1.66~1.69 45 0.05 99.95 40.7 59.3
7KJ9-4-6-4-2 5 —3.4~-2.6 168.8~1742 4.59~6.08 0.93~0.94 1.50~1.57 40 100.00 45.0 55.0
7KJ9-4-6-5-1 5 —1.7~-12 1954~2140 2.12~3.00 0.87~0.89 1.66~1.84 15 100.00 29.1 12.8 58.1
7KJ9-4-6-5-2 5 -3.7~-3.2 180.5~192.1 5.64~6.53 0.92~0.93 1.62~1.74 15 100.00 56.8 43.2
7ZKJ9-4-6-6-1 4 —2.7~-2.1 279.8~287.8 3.72~4.86 0.77~0.78 2.45~2.56 45 0.01 99.99 41.1 19.8 32.4 6.7
7ZKJ9-4-6-6-2 5 —4.7~-4.0 245.0~246.8 7.15~8.29 086 223~226 15 0.02 99.98 12.9 87.1
7ZKJ9-4-6-7-1 4 -4.8~-3.8 291.2~2945 3.10~3.45 075 2.51~256 30 100.00 96.3 3.7
7KJ9-4-6-7-2 4 —5.0~-4.6 205.1 ~226.6 8.20~8.82 0.89~0.91 1.87~2.08 20 0.02 99.98 59.2 40.8
7KJ9-4-6-8-1 4 —25~-1.7 2453~256.6 2.92~4.42 0.82~0.83210~227 70 0.01 99.99 65.5 345
7KJ9-4-6-8-2 5 —45~-3.72173~223.4 6.62~7.94 089 1.97~204 30 0.15 99.85 57.4 42.6
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1000+

77.9% hFEETFRUR R B 45 MR B oA B R (B
SbYFRM, B RN 21 @ ff A Bk i AR ER N
1.17 wt%~7.69 wt% NaCl, % &4 0.75~0.95 g/cm’,
5 {di 1] Bodnar(1983)NaCl-H,O 1A% T-w-p HHE(&
6) PO TR A B h—3 . WNBE T &, Mty
A1 KA GRS 3 (| 2C-3), WA 6 el LIE
TS IR R REE L ZKI9-4 IRFRIR K L1 €57 it
A1 KA PR T AT T, PO BRI, M
PR B . P TRAE B T AR A S S A
W N RIKEBE, HAS CO, MAHE, Hothig
i A b as KR, R IR R E & COy(1 285,
1387)( 7). H,S(2 612), CH4(2 917)/KIE R . i)
TR O P2 S R B, i A rp PR K OB,
A Ha(4 155 ~ 4 160). CH4(2 917). Ny(2 329)%5,
(N8

6 Wit
6.1 HANEIBREESMERT HRBELFEER

P G A2 AT R A AN AR BR B IR R
B A IRAN, B AR ) AN AR ik AR AR Y AT 20
i SIN= SIY SR AN FANCN I SV ¥R AN S RN TN
I RGCR IR . B akle e Rl
(RS, 2013), Hrpm ik R HH m R -5
t, KB ARG RA R G Ak, FET
RETHN, L ZKI9-4 Hh T UL B ff A K OE 28 1k
HOL B 0 Bk i, TR AR N K s A B R 2
B A . RAHC AT KA . SR AAIN
A G B SR e A RN ZS B B0 Al o Bl T A% 2 g
W5 A &R IS R, HE 2 W E sk
BRI A . ARBL o AR AR, ok
AR AT 53 A8 AR B - 5 AR (Grant, 1986)1H4H
ZKJ9-4 & HLER AL 24 440 MR K5 JUA 25 B (C0)
N EH AR N TR S DN K A R 55 ok
AR N R (C B AR 2R (AC)H S T34 3,

M3 HCO-CA IR 8T LE H, SINK A
(R JECE AR EE, il DK A R A 22 21 40 G A8 4k
FEAE: (1) 78 PR ok 28 R A A aof AR Hp 45 ok A8 5 o
SiO,. Na,O., YREE. U, Th, Ga, Sr. Zr. Ba.
Rb. Nb, Mo, Cd. Sn, Hf Al Ta i3 347 140,
Ho Sio, FERL W 55 il AE N KA & L e &2, AT
ik 20.46%, Tfi U. Th. Zr. Hf. Rb. Ba #l Mo F
BN T ST AN A Z N . (2)TEA AR i1y
WD B MR AL 4 0 Fe,O5. MnO il Co, Hirp

R3 BIRT AT HTAKE. AT HRTIKE. T HTAKEHRUFASIBHESERRSH—RE
Table 3 The geochemical component migration calculating results and parameters of ore bearing diorite,
nearby ore body altered diorite and distal ore body altered diorite in the Jiling deposit

AAKE BH k Si0, TiO, ALO; Fe,0;

FeO MnO MgO CaO Na,O K,O0 P,Os YREE YHREE U Th Sc

WKAES ¢ 5575 1.48 16.88 4.11 455 0.18 3.06 427 5.82 3.22 0.68 19470 1420 7.93 21.26 4.51
FHRASA CA 096 5545 1.65 1628 3.71 534 0.13  3.52 478 7.71 0.71 0.73 259.40 10.60 619 46.07 2.83
K AC; 1.70 023 —0.01 —-0.27 0.98 —0.04 058 0.69 2.17 -2.49 0.08 75.51 -3.16 633 26.48 —1.58
ERmASN G 098 56.02  1.51 16.55 242 509 0.15 267 6.05 839 0.57 0.85227.00 15.50 61 30.80 7.68
K& AC; 141 0.06 0.01 —1.65 0.64 —0.02 -0.33 1.90 2.74 2.64 0.19 3693 1.62 5510.17 3.33
WA CGY 091 6936 127 1538 0.69 257 0.08 055 1.65 552 3.82 0.10 21420 22.00 7.529.25 5.63
K& AC; 20.46 —0.09 0.03 -3.35 —-1.72 —0.09 —2.45 -2.46 025 0.97 -0.57 40.68 9.98 0.3 10.89 1.67
HAEXM B kT \ Cr Ga Sr Zr Ba Rb Co Ni Nb Mo Cd Sn Hf Ta

WESERES ¢ 3713

SHMASN G 0.96 1846

K& AG; ~1801 —28.04 —0.65
ETMAEN Gt 0.98 3961

K& AC; 328 15.20 —1.82
TR hAsR ¢t 091 2571

K& AC; 888 18.50 0.54

47.66 9.49 19.49 120.93 169.30 119.68 42.29
18.93 8.53 19.00 226.97 277.93 782.60 78.40 4.71
0.20 114.27 118.71 691.31 38.95 -3.26 -2.15 9.31 8.96 0.21 0.88 9.47 0.36
61.60 7.52 19.33 187.30 257.40 340.47 47.60 7.60 9.06 27.33 242  0.32 2.89 432 2.01
0.24 70.19 93.35 227.74 6.28 —0.39
60.20 9.13 18.95 250.45 244.15 359.40 55.05 5.74 9.65 24.40 5.86 0.20 2.66 4.01 1.53
1.34 154.29 99.00 275.27 18.21 —1.83 2.94 1429 4.65 0.09 090 222 0.56

8.14 7.67 1252 1.79  0.13
5.33 21.07 1038  0.33

2.03 2.18 1.11
2.81 11.25 1.42

1.58 1537 0.68 0.20 0.92 223 0.94
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