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Abstract

The Zhangmajing U-Mo deposit is the largest volcanic type uranium deposit in North China. In order to con-
strain the genetic relationship between uranium and molybdenum in the orebody, the authors carried out minera-
logical and geochemical study of disseminated Mo-(U) ore. In addition to pitchblende, coffinite is also an impor-
tant uranium mineral in the deposit, which usually coexists with jordisite and sphalerite as anhedral grains. Ele-
ment scanning of thin sections shows that the spatial distribution of uranium and molybdenum is well consistent,
indicating that uranium and molybdenum enrichment was probably formed in the same mineralization. In addi-
tion, compared with the core of the mineralization, the uranium content in the rim is relatively lower while the
molybdenum content is relatively higher, which indicates the existence of an independent molybdenum-rich fluid
mineralization. Combined with other geological and geochemical characteristics, the authors hold that the disse-
minated orebody in the Zhangmajing deposit has the features of porphyry mineralization, which may indicate a
porphyry genesis for the early Mo-(U) mineralization.
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Fig. 1 Tectonic map (a, modified after Li et al., 2014) and simplified geological map (b, modified after Wu et al., 2015)

of Guyuan area
1—Neogene Hannuoba Formation; 2—Lower Cretaceous Qingshila Formation; 3—Lower Cretaceous Yixian Formation; 4—The third member of
the Lower Cretaceous Zhangjiakou Formation; 5—The second member of the Lower Cretaceous Zhangjiakou Formation; 6—Lower Permain
Dashizhai Formation; 7—Neoarchean Hongqiyingzi Group; 8—Early Yanshanian monzonite porphyry; 9—Early Yanshanian syenite porphyry;
10—Early Yanshanian quartz porphyry; 11—Hercynian granite; 12—Geological boundary; 13—Fault; 14—Uranium and molybdenum deposit
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Fig. 2 Geological sketch map (a) and geological section (b) of the Zhangmajing U-Mo deposit
(modified after Zhou, 1988; Luo, 1993)

I—Quaternary deposits; 2—Spheroidal ryolite in the third member of the Lower Cretaceous Zhangjiakou Formation; 3—Lava breccia in the third
member of the Lower Cretaceous Zhangjiakou Formation; 4—Tuff breccia in the third member of the Lower Cretaceous Zhangjiakou Formation;
5—Thin lanimated rhyolite in the third member of the Lower Cretaceous Zhangjiakou Formation; 6—Tuff breccia in the third member of the Lower
Cretaceous Zhangjiakou Formation; 7—K-rhyolite in the third member of the Lower Cretaceous Zhangjiakou Formation; 8—Thin lanimated rhyolite
in the third member of the Lower Cretaceous Zhangjiakou Formation; 9—Lava breccia in the third member of the Lower Cretaceous Zhangjiakou
Formation; 10—Trachyte in the second member of the Lower Cretaceous Zhangjiakou Formation; 11—Early Cretaceous rhyolite porohyry;
12—O0re body; 13—Geological boundary; 14—Fault; 15—Inferred fault; 16—Original black disseminated mineralization belt;

17—Epigenetic red vein-like mineralization belt; 18—Secondary bluish black mineralization belt; 19—Village

b 114 20 T 1] W B 5K 500 mo WAL & JR A
BYeRE A EE R R AT T BRI
NEER™ 0 S A AL, T R A 5
(0.55%) , T 4l & 37 42 1K (0.05%~0.20%) ( & %%,
1993 ), S 4R Cil) 4 5 3T M 3% A YR A= ko g 4 A 1
S JE AR R YR AR B e 1, DU RR AH T AR
AT R E AR e MO AR B TR
WR AR YR AR R =, 2R AR
TR A ERELLAL, Bl A7 = (— R 0.3%, & i) ik
1%~2%) , R ZH IR i EZ BT, sk, 411k

R[] B HA e 0 R LA DR LR
WA, N ELABKCIR S o (B %
1993),

T SUBE A AR & B AN R AR R ) RO ek A% bR R 1)
WKV IR fb-# b7 (1476 mbr & LA T ) K&
FEAL-S2 WA AL (1527~1476 mbr s 22 16]) ks
fb-fEfE T (1527 mbrE L 1) o Ml AR 2 A K 25 ]
3 B S BEE R R FR A U8 At AT
M REALHFRRTN . MBT A SR C Rk E ,
b FE St KB AR G, AR A s Lkt



H40 8 1 AR T AESRIBRI AT PR A B 1 22 9 5 B KT il B A PR O 2R B9 0 7 57

VEFIIE LA ik ST AR 18] LSR8 077 ) s R Bk Ak
SURTEAER PRI R, R R B ™ T B O
L1 e 1 M w1 PN W SRS R e R B A el R
e ks IR (B3, 1993)

3 FEECREERII M

RGREE T 9K RS Al BH T IR (1) B 038 R i
A AL E 4 P R OR BUAE A (HB14-125 . HB14-126
HB14-128 F1 HB14-143) }z 5 YAk fL AR & (HB14-
184 .HB14-185 .HB14-188 .HB14-193 Fl1HB14-194),
FE S bR 7 T 1333~1520 m), Ay J5 AE B8 €8 4 otk - 15
YR & A AR R B bR S . 0 A R R
QRS , R RO RO, YRS, BEREE R , B4
FEHA KA MA AR (E 3a.b), R ARAE
Bk -2 B IERDIR , RiAE 2~5 mm, &5 52 5%, KA1 BE
M KB B bE B Ak, F 0 BE A kAR R
B BEAR A (18] 3a) 5 1 JEBE S 2 2 A B -2k HE R
AR KEAR 2~4 mm, & 240 10%, HL 5 i 40/ T
KA MERE R, o A BES . 73 0h, e A R
BARBWHESIET Y (1%) , 15 R Bk gk % 2k~
(K 3c.d).

AR AT A T Al R CRE TS I A eU Al gk
1725.05%1070) (HF-FrA RBE T, IR TC i i 51 HH
W, TEGS WA WA T s R )
TN ME DL A g 2 BRI R R
EEXTE 0 TRl EH T 2 R K ot R A1 R I SR
FEo G T Y B LA FRIE B e R TR B AE
A2 UMb A 5 Hb A5 6 73 B 0 X O 1 Fi 4 51
¥ se . KM H A JEOL JXA-8100 %Y #t F#R4f,
A3HTIAR 25 A s fE 20 KV, B 131078 A, 43
MR BE FAR 2 pm,

4 SRR

sk R -4l AR BT PR rb il VAR B 0 G R A% R
R/NGHEF AL 10 pm) , I A Y FRE L 16
% W AR T ME LA B A X 4y, R, L A 2 B 5
FERTHF BB TR, AT AR RN, AR XE
) I T (R, 1988 B %, 1993
1994) . A WRWFFE & IR YR A, B 0 75 4l
WO A R R AR . BT ERER A T A R
(£ 1) SR, 518 B4 5w (Si0,) B 5, N 0.63%~

27.02% , F- ¥ w (Si0,) 3k 9.82%. ILAL, Hhi )
Si0, 7 1t 5 A it 2 R EL A A I A DG
RS0, 7 b L A Ak 4 B T 100% , 16 2
41 (U(Si0,),.(OH),,) i {27 4 iU A# ik . BSE (15 L
) EMG (B 4b~d) s Bl Al 5 & B 7E48 o BB
LN A R R AR R e g ik S R I INE 22 T 2 o
AT ARLAR B BN BRSO 2~5 pm, KA
Gr/NF 1 pum, K2 H0H R i ah 2 DU A 0 5K
A AHE 1A kR -3 A Ak 5k 20 G fl i AR i
I LA B 8 20 32 2 AR R0k 5%
HIHUR , 1~10 pm, & B 76 A Ak -7 A Ak 5 2L 8 407
ol A MK % . SR TN G ER O, S A0 Bk
RBER R AIARLIR YR o 7 MR A AR A
Al LB AT AL A . BRACER AT A1, 38 &
AT HEHET T, 2 KR U2 Bk R R R
EERm

38 o H R S A3 AT T B, W LR (Al
WA R TR T SO R & s i, e T 4 e
WAk DX IR BRI AR B 20 AR =B . A IGZE oA Y
KA (E5) il 550 0% 2 (8] 73 A i FEl R H — 20 e 4
TR b, o AR R W A 0 o A A A — A
[i] , 33 Aok 7 O 3R [ A 22 BH il R B 7 o ) — B e
YERM =Y. & ERE , 25000 (X880 &
YR TS =, R LT IE A 3. X EL R — %l
FRAT 1 DB Al BH 5 B o A R IR AT DA B, 2 0T
BUR M T A%, 03 5 B0 5 R B Al AR
XTREAR (L S) , RBA77E 1 s SR R 1R, &
JAE 518 4 80 Cil) B 1EH =22 1

5 W w

5.1 $FASHEIRREX &R

A ME TR AN R R YR A gl A
BRI & i B R IEAHOCOC R, HH Pearson £H G
ZHEGE0.87(FHXRECH 1 U ERE ML), HATR
15 B AR DM (G AR 45, 2016) , I — 2 07k [R)— 19
W ALE ) -

WP ocZ Al EA (R 1) R f Hal
FEHESEARCE o Bl b S S A B A S
(0.46%~46.91%) , 515 5 mHE MU R (b3 «
U(MoO,),, FEHAMT ,w(UO,)H 48.4%;w(MoO, )
H51.6%) o AXF Y, BB LIS R R B o T
IR AR 2 (#7746 ,2014) o 579077 RS i



B3 0 i SR 1Y AR 2 R E
a. PP ATBE A A T AU B A b BT EE A AT T SRR s o AU PRV BTERET s d. ISR S BB Bk

Fig. 3 Petrological characteristics of mineralized rhyolite porphyry

a. Intensive clayization of K-feldspar phenocryst; b. Fresh K-feldspar and quartz phenocrysts; c. Pyrite in rhyolite porphyry;

d. Ilmenite in rhyolite porphyry
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Table 1 EPMA result of representative uranium minerals in the Zhangmajing U-Mo deposit

s HB14-125 HB14-126 HB14-128 HB14-143 HB14-184
biiiva) iiival Liiiga) LiEzEkon HiAT iliva Liika) iiival AT
w(B)/%
Sio, 22.62 15.24 4.56 5.82 7.42 13.55 7.96 5.38 9.69
TiO, 0.57 / 0.69 0.73 1.76 0.65 0.26 0.25 /
ALO, 0.48 0.63 0.06 0.58 043 0.23 0.40 1.40 0.49
FeO 1.65 3.95 0.67 0.27 0.18 0.16 0.40 0.42 0.21
Ca0 1.60 0.53 0.39 0.08 1.68 037 1.05 0.77 1.23
K,0 0.29 0.41 0.52 0.27 033 0.29 0.37 091 0.57
Na,0 / / 0.07 0.04 0.17 0.09 0.15 0.58 0.42
MoO, 5.07 0.88 5.90 41.91 13.53 9.07 6.79 10.79 10.00
uo, 65.45 66.42 74.28 4436 62.47 62.92 71.87 61.58 64.94
Tho, 0.87 0.34 / 0.04 1.30 0.54 0.68 / /
PbO / 0.79 / / / / / / /
Y,0, 0.78 1.05 / 0.06 0.73 038 ) 0.09 2.77
As,0, / / / / 1.66 271 1.10 1.97 1.67
P,0; 0.47 1.66 / 0.40 3.08 0.93 0.45 0.50 1.50
B 99.85 91.90 87.14 94.56 94.74 91.89 91.48 84.64 93.49
s HB12-184 HB14-185 HB14-188 HB14-193 HB14-194
il Liiiga) vl A7 Giiivan Giiiva) Wi Al Wi PE
w(B)/%
Sio, 10.10 7.48 476 27.02 15.41 16.39 0.63 1.35 1.32
TiO, 251 3.28 1.45 0.31 0.09 027 0.27 0.43 039
ALO, 0.53 0.24 0.18 0.51 0.50 0.51 0.09 0.11 0.26
FeO 0.54 0.11 0.57 0.17 0.25 0.12 1.09 0.89 0.87
CaO 1.23 1.14 1.58 1.53 1.31 0.86 0.56 0.95 1.52
K,0 0.39 0.38 0.41 0.38 0.39 0.40 0.42 0.56 0.46
Na,0 0.04 0.87 1.02 0.10 0.42 0.46 0.26 0.14 0.13
MoO, 1.32 1.43 2,03 2.04 3.01 1.90 0.88 0.46 0.50
uo, 55.92 77.28 76.32 57.13 61.39 59.36 61.99 78.13 77.64
Tho, 0.17 / / / 0.17 0.12 / / /
PbO / 0.09 031 / 0.48 / 1.98 3.40 3.33
Y,0, 10.32 0.47 0.30 3.14 3.06 6.91 / / /
As,0, 0.08 0.67 0.79 0.24 0.50 0.10 0.65 0.49 0.69
P,0; 3.00 1.32 0.89 2.54 2.16 1.77 0.94 1.44 1.51
B 86.15 94.76 90.61 95.11 89.14 89.17 69.76 88.35 88.62

TE AR IR DL

L E R ARSI e B R ) ERa AR N i ¢ N L |
WU Cal™ i) F2440) 5 A R R Gtk AR () ™ (R
Fe A B MR NE Y K B 2R Bl A R (R
1988) (&l 1b) o kR Bl ™ 44 (1) T8 B AE 1 (24 Ma) 5
ZIX 2 KB DU Z R A it & R (2
J545 1985; Zhao et al., 2013)—, HAG 5] T # IG5
Wy b IR A9 321K (9 He - Ar [6) 7 5 41 1 19 32 47
(*He/*He 4 0.64~6.73 Ra, 4 JitA LI 50 32 ) (2R

WA ,2019) 0 FAEMIE RV EH ™ 7R A TE AT (10~
2 Ma) 58 H iy s L 0T RIF 5T IX 2 46 T 0+ 3 2
PRV A o R Gt Cil) 7 IR 19 TE AR 1 (88~
103 Ma) B /N F IR S SCBE A 1 AR08 (138 Ma) , 77
FEREW S 2 R KR EZHCEE R KR IR
SVA A KL B R AR K R ™ ) 1 — > E 22
BRI o BRI 3= G R AR (ol B (A AT BAE %, 7612
DXt 22 b AL 3 A A e R o (A R S T



60 i JZN Hb J5i 2021 4

JEOL.. COMP  28.8kY / llﬂ}..lmflllmrn JEOL.. COMP  20.8kY  x1,4080 1Bpm WO11mm

111

JEOL.. COMP 20,8k / 1Bpm WO11mm JEOL.. COMP  20.8kV

JEOL.. COMP  28.8kY / 18pm “WD1 1rmm

P4 SRIBRIFEHE PR Al R 9 00 v R BT O IR
a. AI/NB W TE AT URE 5 b. Bl S BB AR A AR 5 o, JRCBR AT L5 il A S AR s . JBCRR B A AR /Nl R e, WAL Y B AT
SR £ DCREH AT D) oF B ik
Pit— i A" ; Cof—HHA1 s Jor—HEBR AR T s Us— W5 50" s Wul—5H45 0" ; Qtz—A1 9 s II—HR R A7 s Py— i k™
Fig. 4 BSE images of uranium and molybdenum minerals in the Zhangmajing U-Mo deposit
a. Tiny pitchblende particles; b. Coexisting of coffinite and jordisite; c. Coexisting of jordisite and coffinite; d. Jordisite and tiny coffinite particles;
e. Secondary wulfenite and ilsemannite; f. Pyrite cut by wulfenite vein

Pit—Pitchblende; Cof—Coffinite; Jor—Jordisite; [Is—Ilsemannite; Wul—Wulfenite; Qtz—Quartz; [1l—TIllite; Py—Pyrite
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Fig. 5 Element scanning of thin sections showing the spatial distribution of U (a,c) and Mo (b, d) in the Zhangmajing
U-Mo deposit
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Wi A A, 38 A R 1 Al A R Al B 5 T R A ik
R trh g0 g ss gk zl, 2 2 R,

Yy LIWh 5 She o o B AR Ak Y 25 5 R T, A
AR PR L5 S BRCR ™A (IR IRk B ) mT
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1R Z 555 (1997) 56T IH 4 A1 iRt SO E A K
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BRI X KRR R AT AN 54 L) R
PRI ST e B, IR JR BT AT 45 B T A R ) — 2
HEA M FORFAE ARG AT

(1) FEMFE] b 28] b A B 5 RS 4 g
PR P A B S T L /IR AR S, SRR 8 PR 1Y
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WIS B HRTE— AN A0 R B AR
ARB B EH R 4 I, X LA ST B e A
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(3) WRH Bl 2 0 B0 RS BUE A, AR
R R TIR B PR PR AN B s S R
TR o SRR IR B TS A S ok 58 101 21 — B iy
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(4) W IRP FEl A AR R E , wBA U8 KE
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P ARAEAE , f BB 1R A A A 928 = B .
SRIBRIF AT IR s & B A SR EU FlA A . HAZH &
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B O R BE S T PRIV AL ) 5
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RIAE A (7K3%E B 45,2008 B4 45,2009 ; Zeng et al.,
2010; 2011; 5K EAESE,2016) .
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Mo DRAb, TG BRI 5T W, BE A R IR 1 1K
W AR 2 BAT KRS KOK (RABEAOIRE
FETE (Sillitoe, 2010) o K Ll 25 T Al A AT IR, 7 44
5 R T BB A O Y R R A A
FRAKIREG . A KT KoK (R A 1k
PERY RADIR AT 5 B0 514 1 5B B A, O
A B SR B T O TR I BB A LA (258
MR P 1 K Ll HL— M EL A 35 e O il ) TP Al
TG R AWK, I 78R8 2 10 BEAL 4 45 0 T DL e
W

6 %5 i

(1) BRWF A5, 40 R4k 5172 7k R I 7
PRIZ IR (GO Hp AR B A 40

(2) AP UTi JeARAT A Al R AR A 20 A v BB
— AT A R — A AR R

(3) F7AE— Wb Sz B S8 A A T T S 00R
AR Cl ) 746 55 15 ST BRAR B B B 4 Al 22 1)

(4) I QR (il 10 BoA BE e R 1E Y

=
S
References

Chen A F. 1987. Study on the fluid inclusion of the No. 460 deposit[R].
Beijing Research Institute of Uranium Geology(in Chinese).

Chen D H, Fan H H, Wang F G and He D B. 2011a. The alteration
characteristics of uranium deposits in Guyuan-Hongshanzi area[J].
Uranium Geology, 27(2): 88-94(in Chinese with English abstract).

Chen D H, Fan H H, Wang F G and He D B. 2011b. Multivariate iso-
tope tracer in Guyuan-Hongshanzi uranium polymetallic belt[R].
Progress Report on China Nuclear Science and Technology, 2:
611-617(in Chinese with English abstract).

Guo H J and Ma S K. 2009. Analysis of the ore-control factors and pe-
ripheral prospecting for the Zhangmajing U-Mo deposits in Guyuan,
Hebei Province[J]. Geological Survey and Research, 33(3): 210-
215(in Chinese with English abstract).

Huang Z X, Li Z Y, Fan H H and Jiao Y L. 2014. Hot spot uranium
mineralization in Guyuan area[J]. Mineral Deposits, 33(Supp.):
695-696(in Chinese).

Huang Z X, Zhu B and Sun X C. 2016. Comprehensive evaluation of
uranium polymetallic deposits in the western part of the northern

margin of North China Block[R]. Beijing: Beijing Research Insti-



H40% H 1 &

T < AL KR PR A 8 4~ 5 G il AR DR 26 R B s 63

tute of Uranium Geology(in Chinese).

LiY S. 1989. Isotope age of principal mineralization period in uranium
deposit No. 460[J]. Uranium Geology, 5(4): 203-208(in Chinese
with English abstract).

LiZZ,LiGM, Meng Z J, Qin K Z, Song G X, Jin LY, Kan X S,
Wang J and Zhang X N. 2014. Petrofacies classification, charac-
teristics and formation mechanism of breccia in Chalukou giant
molybdenum deposit of Da Hinggan Mountains[J]. Mineral De-
posits, 33(3): 607-624(in Chinese with English abstract).

Liu X W, Wang S Q and Fan B H. 2010. Discussion on the genesis of
uranium-molybdenum ore deposit No. 460 in Guyuan, Hebei
Province[J]. Contributions to Geology and Mineral Resources Re-
search, 25(1): 36-42(in Chinese with English abstract).

Liu X Y and Chen Z B. 1996. Continental volcanism and uranium mi-
neralization[M]. Beijing: Atomic Energy Press. 39-41(in Chinese).

Luo Y. 1993. The structure-mineralization zoning and an approach to
the metallogenetic model for volcanic type molybdenum-uranium
deposit No.460[J]. Uranium Geology, 9(1): 23-28(in Chinese with
English abstract).

Luo Y. 1994. Study on the vertical zoning of structure mineralization
and metallogenic model of the large-scale volcanic type uranium-
molybdenum deposit No.460[J]. Mineral Deposits, 13(Supp.): 64-
66(in Chinese).

Meng Y N, Fan H H, Chen D H and Wang S Y. 2014. Existing forms
of ore minerals in the No.460 deposit in Guyuan area, Hebei
Province[J]. Mineral Deposits, 33(Supp.): 551-552(in Chinese).

Nei F J, Zhang W'Y, Du A D, Jiang S H and Liu Y. 2007. Re-Os isoto-
pic dating on molybdenite separates from the Xiaodonggou por-
phyry Mo deposit, Hexigten Qi, Inner Mongolia[J]. Acta Geologi-
ca Sinica, 81(7) :898-905(in Chinese with English abstract).

Qin F, Liu J M, Zeng Q D and Zhang R B. 2008. The metallogenic
epoch and source of ore-forming materials of the Xiaodonggou
porphyry molybdenum deposit, Inner Mongolia[J]. Geoscience, 22
(2): 173-180(in Chinese with English abstract).

Qin F, Liu J M, Zeng Q D and Luo Z H. 2009. Petrogenetic and metal-
logenic machenism of the Xiaodonggou porphyry molybdenum
deposit in Hexigten Banner, Inner Mongolia[J]. Acta Petrologica
Sinica, 25(12): 3357-3368(in Chinese with English abstract).

Qiu S, Guo Z P and Peng Z B. 2016. Experimental study on treating re-
fractory complex jordisite ore with oxidative roasting-acid leaching
process[J]. Mining and Metallurgical Engineering, 36(2): 80-83(in
Chinese with English abstract).

Ren Z H and Wang T F. 1997. Metallogenic tectonic setting of the
uranium deposit No.460[J]. Uranium Geology, 13(3): 154-158(in
Chinese with English abstract).

Rui G Z. 2010. Discussion on metallogenic characteristics and genesis
of large U-Mo deposit No.460[J]. World Nuclear Geoscience, 27
(3): 149-154(in Chinese with English abstract).

Shen G Y. 2007. Ore controlling factors of the No.460 U-Mo deposit
and its genesis discussion[J]. Mineral Resources and Geology, 21

(5): 509-514(in Chinese with English abstract).

Sillitoe R H. 2010. Porphyry copper systems[J]. Econ. Geol., 105(1):3-
41.

Song K, Wu J H, Guo H F and Guo G L. 2019. Superimposed minera-
lization of Zhangmajing uranium-molybdenum deposit in north-
ern Hebei Province: Constraints from mass balance migration cal-
culation of ore geochemistry[J]. Mineral Deposits, 38(3): 599-619
(in Chinese with English abstract).

Wang H F, Dai T M, Fan S K and Yang X C. 1985. K-Ar dating of Han-
nuoba Basalts at Zhangjiakou[J]. Geochimica, 3:206-215(in Chi-
nese with English abstract).

Wu J H, Ding H, Niu Z L, Wu R G, Zhu M Q, Guo G L, Liu S and Yu
D G. 2015. SHRIMP zircon U-Pb dating of contry rock in Zhang-
majing U-Mo deposit in Guyuan, Hebei Province, and its geologi-
cal significance[J]. Mineral Deposits, 34(4): 757-768(in Chinese
with English abstract).

Wu J H, Zhang J Y, Jiang S, Xie K R, Guo G L and Wu R G. 2017.
Geochronology, geochemical characteristics and petrogenesis of
trachytes in the Guyuan uranium ore field, north Hebei Province[J].
Geochimica, 46(2):105-122(in Chinese with English abstract).

Yang J H, Wu F Y, ShaoJ A, Xie L W and Liu X M. 2006. In-situ U-Pb
dating and Hf isotopic analyses of zircons from volcanic rocks of
the Houcheng and Zhangjiakou Formations in the Zhang-Xuan
area, northeast China[J]. Earth Science, 31 (1):71-80(in Chinese
with English abstract).

Zeng Q D, Liu J M, Qin F and Zhang Z L. 2010. Geochronology of the
Xiaodonggou porphyry Mo deposit in northern margin of North
China Craton[J]. Resource Geology, 60:192-201.

Zeng Q D, LiuJ M, Zhang Z L, Chen W J and Zhang W Q. 2011. Geo-
logy and geochronology of the Xilamulun molybdenum metallo-
genic belt in eastern Inner Mongalia, China[J]. International Jour-
nal of Earth Sciences, 100: 1791-1809.

Zhang L, Li X F and Wang G. 2020. The characteristics, research pro-
gresses and prospects of volcanogenic uranium deposits[J]. Acta
Petrologica Sinica, 36(2): 575-588(in Chinese with English ab-
stract).

Zhang L C, Chen Z G, Wu H Y, Wan B and Zeng Q D. 2008. Features
of granites of the Xilamulun Cu-Mo metallogenic belt in Inner
Mongolia, and its metallogenic specialization[J]. Bulletin of
Mineralogy, Petrology and Geochemistry, 27(Supp.): 242-243(in
Chinese).

Zhang Y F, Wu J H, Jiang S, Liu X, Wu R G, Liu S and Guo G L.
2016. SHRIMP U-Pb geochronology, geochemistry and Sr-Nd iso-
topes of the uranium-(molybdenum) related rhyolite and granitic
porphyry, Datan, northern Hebei[J]. Acta Petrologica Sinica, 32
(1): 193-211(in Chinese with English abstract).

Zhang Z Q. 2001. Geochemical characteristics and metallogenic
mechanism of Uranium deposit No.460[J]. Liaoning Geology, 18
(1): 27-33(in Chinese with English abstract).

Zhao X M, Zhang HF, SuF, Hu Z C, Lo C H, Wang Y, Yang S H and
Guo J H. 2013. Phlogopite *°Ar/*’Ar geochronology of mantle xe-

noliths from the North China Craton: Constraints on the eruption



64 R

Hh 5 2021 4F

ages of Cenozoic basalts[J]. Gondwana Research, (23): 208-219.

Zhou D A. 1988. The superimposed metallogenesis in the formation of
rich ores in uranium deposit No.460[J]. Uranium Geology, 4(3):
139-144(in Chinese with English abstract).

Zhou D A. 1989. Geological development and the evolutions of urani-
um and thorium in volcanic basin No.460[J]. Uranium Geology, 5
(1): 1-7(in Chinese with English abstract).

Zhu B, Huang Z X, Li Z Y and Sun X C. 2019. He-Ar isotopes tracing
of Zhangmajing uranium-molybdenum deposit in Guyuan, Hebei
Province[J]. Uranium Geology, 27(2): 88-94(in Chinese with Eng-
lish abstract).

Mt R 32 5% Sk

W24 . 1987. 4605 RAUFERBFFTIR]. 4% Tl AL 5T H A 5% B .

WA, Ju ki, XRS5 . 201 1a. T PR 10 T IX 1) 2 25
BlAT RIBASRHAE[T]. SlAT HLTT, 27 (2): 88-94.

MR, Juitig, £XR, (#5201, W IR-2010 71 X 8 2 4 )8
B 22 00 RN R BEI]. T E AR R SR, 2: 611-
617.

TR, thrp i 2009. [ dbAA TR EL KRR B T P 2 AT I
A1 A ST [J]. HUT R A SRS, 33(3): 210-215.

VW, 2T, WU, AR EY | 2014, TR IS Al VR [0). BT
PRHL T, 333 ) 695-696.

WO, AR, PVINER . 2016. AEAb Rl ERIL 204 B il 2 48 T 25 51
MrHEARDFFER]. AT A% Tk b st BRI 52 B

ZEMRHA . 1989. 460 Al A S LW LI A4 [ 07 3 AR A (3], Bl Hb i, 5
(4): 203-208.

ZEHI, OO0, R, Ui, RIEY, SR, WA, B, ok
B . 2014, KL 5 1 101 RN BESA 4067 PR AR BR 2 40 A R4
FRAE KRR [T]. 57 PRI, 33(3): 607-624.

XN, BREETE. 1996. KB J i/ 58 e [M]. dbat: B Ffg
it . 39-41.

X2EE, TR BESEES . 2010, o dbi I 460 Hl AR A A ).
TR, 25(1): 36-42.

PR 1993, 460 K LLE FUH-EHT R A AL 3 -1 Ak 40 S B = F
R[] i HbE, 9(1): 23-28.

BB 1994, 460 KT I 1L TIA-SH T PR ARG 1 -1 A0 T 17 3 SOk,
W RG] 5 R HUBR, 13¢5 T)): 64-66.

T, Y, BRAXK, FAE . 2014, AL Th PR LK 460 5 PR
AT YAV I]. 0 RS, 334 T1)): 551-552.

TR, kT 35, FR2ETE, VLIS, KIWE. 2007, NS/ INAR Y B 8
BRW R MEEH 1 ok - 408 ] 437 28 A7 i B b J0T 28 SL[J]. M B~ 4, 81

(7) :898-905.

TG, KA, B P, SKERIK . 2008, PISET /NI BE A AR B RN
AT IR B ST 4 BORIR ], BUACHL B, 22(2): 173-180.

B XA R PR, B IR AR 2009, PN 52 T AT I /N A T B
RV RIS B ML, 54 244, 25(12): 3357-3368.

b, FPAMG, I . 2016, 5 2 XERE IR AT SR Ak I be- TR = 1K 50
R[], 1R T2, 36(2): 80-83.

FEZ 8, 7R 1997. 460 4H " PR LA™ A4 1 15 5% [J]. Sl 1 o, 13
(3): 154-158.

PSR 2010. 460 FHUAl-FH A R BT Hb BTRFAE B2 B R TT[T]. thE
HL TR, 27(3): 149-154.

LG . 2007, 460 FlI-FH T PRAED B 2 B IR ISR [I]. 77 55 Hb
5, 21(5): 509-514.

YL, FE e, FRAE T, SRR 2019, FEAL KR ah B R S i
W2 A7 M BR A - A A TSR T 20 [J]. IR ML, 38
(3):599-619.

FEIY, MR, YU R, Mo B 1985, Tk E DU L i K-Ar
AEIR TR ], #hER LA, 3:206-215.

REFEAE, THE, 4 F I, S0, DL, SRR, X0, 43354 . 2015.
TTIETT R AR M- Al - 4047 PR [ 4 SHRIMP 45 €1 U-Pb 52 4T K Hi it
R SC]. PR HB I, 34(4): 757-768.

AR, SRIEDF, 221, I TTER, SRR, B8t 2017, FAL R
LI 3 AR AR 27 M BR AL 25 RRAE KA A i R [T]. Bk k2%, 46
(2):105-122.

TN, S AT, BRTEZE, IHEUSC, Wi/INBH . 2006, ZEb k-5 4 X5 3
ARG VA JOLESS 0 U-Ph 45 I8 I HE R 7 R [0]. kA,
31(1):71-80.

i B, BRAE T, SRAEYE, T, B PSR . 2008, P SE  PERLACE -4
BT A6 B A RRIE SR R R [T]. B A A MR Ak 2 4R
27(34T): 242-243.

ke, ZEmelE, T 2020, JCl A= BT PR I FEARFE T
JEER[I]. FHA 2R, 36(2): 575-588.

S IE, ke, 10, X, BB, X0, SREAK . 2016. FEb A
A (5 BB W S0 -4F B BE 4 SHRIMP 5 47 U-Pb /& 4F Ml
BRAL2E e Se-Nd Rl ZRARAE[T]. 5412447, 32(1): 193-221.

FKARE . 2001. 460 HllH PR bR fb 2% REIE S B LR ER IS [I]. 507 1
5, 18(1): 27-33.

JE 2 . 1988. 4601 K & W I B 1) & s VE I (0], 4 Hb R, 4

(3): 139-144.
JE 42 . 1989. 460 K L1 75 s 16 3 i & J 5 4l ER AR (D). Gl
B, 5(1): 1-7.

Ak, HEAH, 25, PNVINER . 2019, ATE T IR SK BRI Al AR B PR Y
He-Ar [Al{3 Z /R EE[J]. SHB HLIR, 27(2): 88-94.



