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Fig. 1 Geological sketch map of the volcanic—intrusive complex in the Xiangshan

uranium ore-field (modified from Fan Honghai et al.,2001a&)
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Fig. 2 Some borehole sections and sample locations in the Xiangshan uranium ore-field: (a)No. zk37 borehole

in Heyuanbei area; (b)No. zk4-6Y borehole in Hengjian area; (c¢)No. zk5Y-6 borehole in Baquan area
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Fig. 3 Photos and microphotographs of rock core specimen from the lower layer of porphyroclastic lava (a, b, ¢),

rthyodacite (d, e, f) and upper layer of porphyroclastic lava (g, h, i) in Heyuanbei area of the Xiangshan uranium ore-field
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Fig. 4 Photos and photomicrographs of rock core specimen from Baquan (a, b, ¢), Hengjian (d, e, f) and

Lijialin (g, h, i) areas in the Xiangshan uranium ore-field
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Fig. 5 Representative zircon CL images and n(**Pb)/n(**U) ages

of the volcanic—intrusive complex in the Xiangshan uranium ore-field
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circles denote dating location; the dashed circles denote location of Hf isotope analysis, and the numbers inside dashed circles are values of £y(t)
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Fig. 6 Concordia diagram of n(*Pb)/n(*U) —n(**Pb)/n(**U) for zircons
from the volcanic—intrusive complex in the Xiangshan uranium ore-field
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(a), (b)and (¢) show the samples from the lower layer of porphyroclastic lava, upper layer and rhyodacite of porphyroclastic

lava, respectively, in Heyuanbei area; (d), (e)and (f) show the samples of granitic porphyries in Baquan, Hengjian and

Lijialin areas, respectively
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TEPBEA (BE 5 80-37) HYAFIA(E M 134.5+1.3 Ma
(FE 6f) 3% S AR AR S H A8 1) 2 A5 s 7% AH LU HE 1L
(25 2% K LT 3l T 8 I 3 — Uk S v i T R 1
F i HA Z N 2 B BeVE T A4RAE

I Ay a0 728 52 0] T e I 1) e 235 i i Rk
A L e L ) TS Bl B R ADoK R 4
(2013) ARHEH U-Pb & 4F45 R (137.3£0.9 Ma) , A
SRR LR L S S i TR A AR A
FEALL LR EL SR 2k5Y-6 BhfLH & BLI) 148.8+2. 3
Ma [AE b BE7 B I T i 45 e IR T8 B A
FEUIAA LR LU 200 3 E 46 T ok 20 i R T
NN B ¥ ( Yang Shuiyuan et al., 2010,
2011 ;7K 4, 2012,2013) , Hyk, fEA b3
SR Zk5Y-6 HifLAYAE KBS ThIA HY 125. 4£1 Ma 4F
U T 4 AP T At A ot %) 4 8 AR T T AR S 1Y
133~ 136 Ma 4L i< B2 (A7 7 , 2% BHAH L Hh DX R L]
WA RS sh R RESE 5] T HEA 125 Ma 247, It
AN BT AR 85 A7 AL U-Ph 5 AFE 80K JH 58 1 T 20
LI/ T BT BE 2 FE BN T A 0 0 )
HI7E 135 ~ 141 Ma 1 132 ~ 136 Ma P> 4F 3 X ]
( Yang Shuiyuan et al.,2010,2011; #/KJR5, 2012,
2013 ; BRIE SR AF, 2013 3 8 KB4 2015) |, 5ARBIG#E
TIICEY 2k37 SHFL A U o A5 ) T SU e 22
(139.7 Ma) Fl I JZ2WEBEME 45 (135.3 Ma) MAE IR (E
— 8, HAE B FL P R B R )2 R B A AR
(129.9 Ma) Wi T [ JZ2 WA 2 R B0 8 2 25 K i
N T AR Hb G2 B KA AR AR BIESE 2
N, EURAE O BE AT IS 58 A AF IR AH2E 10 Ma, B
TNAE R R T SRR 114 Ll SR Wi s 1 & AR =2
AT, P L DX (%) 08 Ly 3 2 06 2 L 6 FF Uy 5 T 6 K
MBI WEBENS A | W I A6 i B A I AR
S0 BTG A 2229 15 Ma, WIS 7R A8 L i ko1 —
WA RS TR K MR, L, Bk
TR IZ I X AFTE 2 WK A 30 2, i AR i AGA
A R R L FHE L 3 5 T Bl — R TP ) TR ) R
4 ( Yang Shuiyuan et al., 2010, 2011; ¥ 7K Ji %5,
2012, 2013) .
6.1.2 ATLHENLE FETH WHFEREZENX

ARSCARAT W T T PR A A R
(139.7 Ma) I I J2WEBERE A (135.3 Ma) B ALA AT
455 AR T 03X P 2825 1) A AR AR R 22 T ]
P—2, RIS B T 1 5 A9 L A i o A
RHOE, BRI R A (BB RBEIA S ) K BT
R B A (RBUR R ) Z b AHAR SRS 1Y

T ZREBREIE A B AR Y (129. 9 Ma) B /N F
LERE PR KOG A AR SR R T
LR BRR BRI« 2T B Jals A, ok
LU )23 80 P B G 5 L A e R 2 b )23 R A 15
FERTEL, W R L, AT EORAL TR R 1k
A B HEE 2 AR R R s Z TR« LT
B REIE RS, REWTHMX N AT A Z
YT, an NE 7] 9404 W7 24 K& SN [k W72, 0
EAHE T IEW 2 (B K45, 2013; 5K 7 1, 2014) ,
HFEEBHE S5 Lk s Z I A2 W24
fil oG 2R (1 2a) , PRk, A0 LT e 75 i X e 2
CEET RGO E )2 O s A T, KRR
25 (2010) 76 7 37 56 A< 60 = 350 2 v Jc il
HuJZ AR RS B R BT LB B TR T B
% NEBTEARIZAL KL (306 Ma) HHiASVF £ 5
JEOE K12 (331 ~343 Ma) AR — B S 8 G
AR O A B 27 1 KL A Y S B A AR I IR R AR
FILFLSCAEE S AR Y | TN 38 2 R — 1 g
RAEHI(306 Ma) (4774, HUJ& L2 kLSRR TR
A IR RS SRS A TR, AR IXR 2
PEBEIE 2 P B A AF IR AR S T 2 R BRI Y A
HAHZEZY S Ma, {H BT DU 0445 A A 0% 25 JE 5 188 A (R
6a Fl b) , FEREAE N 2 HEBENE £ rhIf ok R L2l
RS S B AR (29 135 Ma) BYESA, B0
2R IR A RS R A R 2 R BRI A
A B Z, T 3RAR 1 b (135 Ma) . F (130
Ma) W5 2 R BRI 5 1) 4 A0 AR AR R B AT 148 H K
AR . BRET A RS B A A € 4E 7 (SHIRMP
57 LA-ICPMS) ZEAH L1 X B AR A5 245 130 Ma 4F i
9 I B0 AL, TN iz XY KL A H A
HEEH F 25 132 Ma ( Yang Shuiyuan et al., 2011,
2010) . MBFEW T WA F M, B R RS A5
MBI L HZ MR BA— 2R AT K LGRS
(Kl 2a) , UEEH B8 & & 0K I ( BJRREEE A R
MBI ) 5T 2R A A F WY, 6 A
WFFE A6 AH L AL FB R R A6 b BE A T AR5 1 24 125 Ma
(R A AT Y, 38 /R IZ L X 132 Ma Z 5 A 2% 35 B
ASSRAFAE , BRI AR LU IXAE 130 Ma A2 45 B9 JAE
TR 2 WEBEIE 2 T REI .

WAEALEH EE, LR RN A AR
LA RRBESS R, T R BEE A B kS B2
PRBENE A AR, , I T2 TR BRI 2 1 i o R 2 A T, {H
Hah BRI T R A KT8 b B 3
Jo (G A TR ) PG R TR R B Rt R Rk A
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B9 3 0 v DL 1 R S R S A ( URR AR B2
) (B 3 FE 4), SR TAF R Lms A Sk
Ll 22 ] 1) — iR Y AR A I S5 AR AIE , A, 7
T IRREBEE A e ] UL S A BT kB R4S
F(FE 3c¢) , XA NSRBI S A B oA A A
FRI 25 K 2R (IR BE AN AR VLI, 1990 ; 3K 7 B A ZE 1
$1,2015) , T 13245 (1982) FBIF 57 2 W 3¢ o 1 10 4%
PRI B AT AR Ay 2 T R 1 PR B8 P 48 it )25 A
R, R T 2 0BG 7 7 N 5 e o 8 B 1Y)
PR RAE LR W B i [ 25 s S L,
5 LR SRR SR B RSO A 2 T
BERA YRS 2 SRR SR, TR X
PR v A2 AT BES 130 Ma Z Bif A9 1l 4
MR REVE A 6, 2 142 ~ 132 Ma K1l & A= R LR
AR E RS, th AR 5 s B LA 2
R R KR K L R B SRS 55 T okl
Z R B A 1 kL s Y 8 BRIE
IR ZEHN 38 ] Rl 1 AN [P 0 KL A s 2
211510 = 51 e s IR e~ (11 7/ BN R o K e B D B ]
{18 KL 3 P 510 I ) T B A R R i R B4 0 BT
HIE W (130 Ma) SRR MBRBEMS 5 A KM TR G
JEOR ) IO T W , TR ML A Z T
EEICE TR 22 (B) 55 15 42 60, NI B 2 35 358
S
6.2 MHULXL—BANEENREXRIT
vl = C = I S T G R VA NEE 2 i = 5 S

(Patchett et al., 1983 ;Cherniak et al., 1997, 2003) ,
F A HE R R R R 0] LLE S R XA R
fiE, BOGE AT B A HE [ R AR R T DR B
HIIRIX (Griffin et al., 2000, 2002) ., AHBF5E 345
R T A i TP B A 1 e (o) AR T L 78 Ak 38 R
K, Ho JERLT 149 Ma A SR AE B BE A e, (1)
i H-10.1~-7.1,5 140 ~ 129 Ma 18]I 10 k.
I— kil A e, (1) H(-10.9~-4.9) fir, W
AR RITEA IR =Y . B —e, (1) B L
(B 7)), 0T LA AR ARAR T A R P A e, (1)
(A AR FEAH LI RIS 25 LK 1. 05 Ga WEALZE B,
FEHH 149 Ma 19 B SR AE < BE F 140 ~ 129 Ma HH[H]
T LI L —5 K L e 6 DX 5 Sk [ T A L
LIRSS AT A W RIS 5 3Bl . TSR AR K B
FIFLAd A 1L ok L —1R A B 55 B4 A T B 1 A
AR (T, ) MHELAZ IR, R 53415 43 A1 7E 1500 ~ 1800
Ma Z 0], H 5 AR 4 9 Nd B AR I8 Ry
Fil 1450~ 1850 Ma) #zil, 454 A3 FE 5 B AT = W)
Gn(YSe) /n(* SO ME[ (n(¥Sr)/n(*Sr) ], =0.7108
~0.7154) AR e, () H(-6.4 ~ =7.2){H( K
K3, AT LA A L KL —= A G4 AT RE R IR T
T IT T AIE B 1l 58 AT A 4R LU G R A8 JB 7y
T A Z oA

HE L S JEC 30 0 il & 2B A B oy, AT BB A A ML
FRMCARVE . JE RS (2001b ) 7EAH 1L 5146
B BE2A T R BN T i L DB A LU A7 A

(a) B A% R A JRCH £I5 1k 26 b O LEWHBEE ¢ TERBEE 4-6Y)
== Hfisotopic evolution line of ( ) the upper layer of granitic porphyry
30— para-etamorphic basement porphyroclastic lava
L JRRORELE 2R JRH £ AL 2 SN A TERBEE O EKBEAE(SY-6
Hf isotopic evolution line of 0 Ej% *i Izﬁ E th;Flowcr la}):/gcﬁ)f gra:itic po(rphyr)y
granulite basement porphyroclastic lava
O fgEezs v ERKBEE80-37)
rhyodacite granitic porphyry
S :
St 5 . 1. 05Gaii 1k £ e
sl ___ % o -
W =
o e @5‘3 n\4 0 @® o
oA vy~ OO 0 oo o o
AV
10 (]
S S S S S W S S S S S ] ] ] ]
0 400 800 1200 1600 2000 2400 2600 120 130 140 150 160
i (Ma) i (Ma)

7 (a) AHIL AT SRS A7 HE R BRI ; (b) RS S R8O e AL R BE a8 0
n(*®Pb)/n(*PU) Flt—e, (1) F(REIEHE AT HE A2 BIE3E A Yu Jinhai et al., 2017)

Fig. 7 Diagram showing Hf isotope evolution of zircons from basement rocks (a) and diagram of £y,(t) — n(**Pb)/n(**U) ages

of the zircons from the volcanic—intrusive complex (b) in the Xiangshan uranium ore-field; (the data of Hf isotope of basement

rocks is from Yu Jinhai et al., 2017)
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AR, A SRR B T e &
SRR PEAH L LT Sl ] e A K AR A
HuFE VRS, 7RI AL < B A O K B A, i
N (Gilder et al.,1996;Jiang Yaohui et al.,2005; Yang
Shuiyuan et al.,2011,2012) ¥} 4H 1l K (HI—R A 42
() RS 9T A B, A L K I — R A 5 B
A A BB A RHIE, A UCE £ HU BRI 27 0 B 45 2R
(RA&kF) WEA ML R, RULEKBA & RR
ik, e P B IS AR A 2 B 5E A A R o
RlOF Al A BUAE I BA IR ) gl g A AL
(Skjerlie and Johnston, 1992; Huang Huiqing et al.,
2011)  SAHLE AL A0 iy 0 pg i B—7 s i
DX H B R B T, IR AR I 146 ~ 176 Ma Z [H]
(Wang Yuejun et al.,2003) , = +Hir7E 146 ~176
Ma & AAF7EM A IR RAR , IX S AR LR LT R B B
HHAG B[] (149 Ma) FEAR —30, Wang Hongzuo
S5(2015) BIBFSE o, SEBUAY 38 7 78 . 1 22 AP 7
B . W R SRR ARAE T T S DA 3 2 2R B Wi
TLIER BRI BER (127 ~ 129 Ma) "PAEFERR ZHEK
AR, AL R BEA [ (n(YSe) /n(*Sr) ], =0.7073 ~
0.7099 Fl ey, (1)= 3.7 ~ =3.3) MEERL B4 (I,
= 0.7068 ~ 0.7077 6y, (t)= =3.2 ~ =2.9) ¥/
BRI e (0) EAEARAY [ (n(7'Sr) /n(*Sr) ] 1,
$eft TR e E IR G 0 Of Hig/ e
HEAR G L AR 8 8 5 T 67 T W58 T A 385 15 78 i 14 A
ok I—R A ZR A BTE B 2 b A7 e A oK
JEARAE I, —SEm B B AR b B A /D i
AR B/ 585 KR A H ] RAR T B il
RECHIIR A LBl ( Wang Hongzuo et al., 2015) . %%
AT AL AR 2 e e 3] & ) R A A
1 5 H AR -5 B 7 A 30 43 s Rl T T B
TAHI R IR A S
6.3 tHLFLBANLENEXRE

XRLAT BB AR T

FRATTHE TN AE AR L1 M DA ) = R B (B A
LA-ICPMS HI SHIRMP 7€ 4F % ) A9 AR AC22 500 5 3,
MIBRAF YA IR BL A A R AR BE 64T T 581t (]
WA 45,2009 ; Yang Shuiyuan et al.,2010,2011; 4%
KA, 2012 BRIE SR 45, 20135 4 B A 4R, 2015 ),
AT FEBEE A TE T 135~ 130 Ma Mifa], H b -
JRWEBE AT 135~ 132 Ma, FJ2WBEE 5 IE W
T 130 Ma; 803 % (T iU ] £ 141 ~ 136 Ma
ZIA] AERIBEE S LT 149 Ma 136~ 133 Ma il
125 Ma = AIFRIEBE . ASRAF 149 Ma iFHI 52 R fiicik

TRAZEIR R A H A B BEA 1 A AR L LY R
IR BIARA 125 Ma BB HT AR T 2442 AJRE R
R LS AR B BEA AR R LT B S TR R
AR, BV T AR L e L SR Bl A 43R DU AN B
B,

S B (18 8a, 140 Ma Z i) HIE i —Fl A
(AR BEA AR ) , 2B AR D I3 | o F ROV AR
e rF e, AR L DX AL T 9IS 7 5K R P Vs )
GABERZS T SN 3o Al W11 B oY ol N L v O N
FeR TR IERL Y B A K LTI R IE A H
5 (Jiang Yaohui et al.,2005) , i1 T45 3¢ b5 vh 5 38 Y
BWTRR  TEZ) 149 Ma, FFUA A /NI A A 3K 15 3,
RAT IR A AR S B K, BCh A L EE L
WA RG22

o5 BB (& 8b, 135~ 140 Ma) JE 1% = Fl 25 4H
(BEKEA B E A RS LBEAH) , T
BRI A KA E £ 7EZ 140 Ma BRI
FRIPURBE R I TS T4 BE K A AR S % s
o> A Ui A HKIE R B R B

55 =B B (K 8¢, 130~ 135 Ma) JE /8 96 il 5 4
( LEZRBEIE A A AL BEA ) |, BB B k1l A K
T BN R K B TR 75 24 135 ~ 132 Ma 3] 18] K HLASE
(R SR 8 B A I A T 68 T8 0 20 1) I J2 R B 0
A AL PR K 500 m L [R]EHERE S
WA IAZA IR R I B A6 5 BEA bk, H 5 R T
ST, T2 TR IA v BE Y B b3 R [ ) ok
WZESE | T s E KW 455 IR AR s |
AR KOl O IS kL
B 4

SEPURY B (B 8d, 125 ~ 130 Ma) & 1 95 b 5 4H
( FIZWEBEIE A AL 5 BEA A1) , 7E Y 130 Ma Hif
DA FRUGE ), BT SRR B T S0 A A
WEBENE 7 ZE S5 IO BHAY , A e T 25 ROk 1 Kl vh
O TEBT G, BOMTH RS0 25 2 T B 2 )
HME AR A T BUS T RS WIS 201 T 2 0 B E
(130 Ma) , tHF H R AERGFLA S TP Z BT 2R BE
IR A & B e 8 , DR HORASE H ip i AN T
ORI 1E 125 Ma 240 A0 kiR
B At b R AR T R4 T o8 e 10 A B B, A+ L
K — KA G SRR R

Hop 28— B S5 B Bod 22 10 Ma, H R A
A6 5 BE 78 B, HEI0 55 — B B ) 5 K05 Bl T fig ol —
YA AT 5 AR TG 3, 28 B B 2 5 DU B Bt
I L BE IR e T B0 2 RN A6 B B
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(©) m=ma. 135+30Ma

(d) sEpuKE: 130~25Ma
the third stage

the fourth stage

(a) #B—WB: 150~40Ma
the first stage

(b) % —BrB: 14035Ma

the second stage

iz

JR A

% R BERS E

Pl 8 AR A KON —FR A J 3 SR
Fig. 8 Schematic model showing formation and evolution of the volcanic—intrusive complex in the Xiangshan uranium ore-field

(a) WEICAIRIRR T HTS i bR, 7 A R L THE RIE ORI 5, 1229 150 Ma A AR 1 ARIE iR I A 14 BE 7
(b) 1E 140~ 135 Ma [H], F I 1D BRI MR I 2 o0 R H A P R SR B 5 (¢) £E 135~ 130 Ma [H],
ARG I )2 RPN 5 I AR AL b BEA DK I, BE S K i3, i KL R ORI 5 (d) 78 130 Ma I
KU AR JE R BB H 78 125 Ma 2247 3 R I FRAR B 242 AT BUIGE 46 5 B 2+

(a) Melts derived from partial melting of the lower crust caused by underplating of mantle-derived magma raised and gathered to
form a magma chamber, from which a small amount magma intruded and form the early stage granitic porphyry in 150 Ma; (b)
during 140~ 135 Ma, the tuff and rhyodacite were formed by magma eruption, and rhyodacitic porphyry crystallized from not
erupting magma; (c) during 135~ 130 Ma, the upper layer of porphyroclastic lava and a small number of granitic porphyry dike
were formed by massive eruption and lesser intrusion of magma, then a series of ring faults were produced by volcano collapsing in

the last stage; (d) during 130 ~ 125 Ma, the lower layer of porphyroclastic lava were formed as result of magma ultra-shallow

intruding in 130 Ma, and the latest granitic porphyry were formed by magma intruding along the ring faults in 125 Ma

(AT P 8 BB S2 0 A LRI A 257 15 Ma N,
FEURSE B B 2 5 DU B B 1 R B o — W 2
() A B TR K L 5 J s Bl TR B T A L kil —(=
AZE W EAK,

AHLLFE 1L 25 R0 B 46 T 149 Ma, 1EF 125
Ma, K35 24 Ma F9 I [R] 25 2 | FH 035 06 0 1Y) 2 9K
16 S AR T B KL A T R R BRI A
IK—55 S AV AR P PSR AL T B[R] (9 AR, 42 fi
Kol sl R AR GE B L E 4, ALkl AL
Hir kA B kL i HY R T AR 257,05 km?,
HEER KA —ERERE A (F2E) AR T 300
km® AL, i SCWELE A RS AR < B
FRARTAG S5 40 ik 8% 107~ 10107, 7x 107° ~
8x107°, 8x107° ~10x 107, B A #H ™ PR AY T 22 14 4l
VR (BRITAEAE,1999) i FAH LR HB 4 2 k1l
ANK AT AR A B 0 5 3K PR B, A6 X B 1Y
PRFRLAR AT B, o X 13 A R 3 7 KA
TR A, (H A G shif [ S48 T8 Al
g, HAT AR B i O A SR e IR (A5 45

e bt I SR A 3t R K AT AR R e A, I HL 7 W
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Multiple Episodes of the Yanshanian Magmatism in
Xiangshan Uranium Ore-field, Jiangxi

PENG Zhongyong" , CHEN Weifeng' , MAO Yufeng” , FANG Qichun” , TANG Xiangsheng® , LING Hongfei"
1) State Key Laboratory for Mineral Deposits Research, School of Earth Sciences and Engineering,
Nanjing University, Nanjing, 210023
2) The No. 270 Institute of Nuclear Industry, Nanchang, 330200

Objectives : The Xiangshan uranium deposit is the largest volcanic type uranium deposit found in China so far.
The Xiangshan volcanic—intrusive complex is composed of rhyodacitic lava, porphyroclastic lava and granitic
porphyry. The Xiangshan volcanic—intrusive complex has been previously studied in detail on its petrography,
mineralogy, lithochemistry and geochronology. In recent years, with progress in deep drilling in the western
Xiangshan area, appearance of porphyroclastic lava — rhyodacite —porphyroclastic lava downward in drilling cores
has been found. Previous geochronological study results could not explain this phenomenon.

Methods : In this study, we collected samples from the upper and lower layers of porphyroclastic lavas and the
rhyodacite in between in the western part of the Xiangshan complex, and from three granitic porphyry dikes in the
western and northern Xiangshan area. U-Pb age and Hf isotope of zircon havebeen conducted on these samples by
LA-ICP-MS and LA-MC-ICP-MS analysis, respectively.

Results : The zircon dating results show that age of the rhyodacite is 139.7+1.0 Ma, ages of the upper and
lower layer of porphyroclastic lava are 135.3£0.9 Ma and 129.9+£0.9 Ma, respectively. The three granite porphyry
dikes from different locations have various ages of 125.4+1.0 Ma, 134.4+1.3 Ma, 148.8+2.3 Ma, respectively. The
results zircon Hf-isotope compositions of this study show that various rocks of the Xiangshan volcanic—intrusive
complex have similar zircon ¢Hf (¢) values ranging from —4.9 to —10.6, and Hf-isotope two stage model ages
between 1478 and 1844 Ma.

Conclusions; It can be concluded that the Xiangshan volcanic—intrusive complex may have been formed by
magmas originated from partial melting mainly of basement para-metamorphic rocks that was derived from the crust
differentiated from the mantle in the Mesoproterozoic era.Combined with the photomicrograph of both the upper and
lower porphyroclastic lavas, we propose a formation model in that the lower porphyroclastic lava was formed later
than the upper porphyroclastic lava,and the lower porphyroclastic lava was actually a kind of ultra-shallow intrusive
rock intruding along with the tuff below the rhyodacite. These results show that the magmatism in the Xiangshan was
active for a long period (about 24 Ma) rather than a short and concentrative magmatic activity thought by previous
researchers, which was an important factor favorable for uranium mineralization.

Keywords: Xiangshan uranium deposit; porphyroclastic lava; zircon U-Pb age; magmatic activities; multiple
episodes
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