20204E 8 A R M S 39 % 454
August, 2020 MINERAL DEPOSITS 39 (4): 728~744

XEHS: 0258-7106 (2020) 04-0728-17 Doi: 10. 16111/j. 0258-7106. 2020. 04. 012

BRPa P4 5HH [RIFERA Re-Os FRFHME LR
Ik FFAER EREN

MR, rhaF AR, A FL, 8 &LE ML A R, TR
(1 R R AR S e PR B, JE 5T 100083 52 W [ Ml T RA B P B IR AIF S8 i 1 SR B U V6 1 A5 B IR DA
R E  JLET 1000373 FPE LR FER R A BE , LA 100083)

H OE VTR R R RN W X T AR & I MBI AT O BR AR A KOTSRS T
T I AAEFEAR [ 4 P A ST AR IR kR, S BOTR L RUZ R BB oIk = 1 . MEAH ST 8 2 SR etk IR
ATHOIR 4345 T T8 A ORI A Dk, B3 5C 1 BBl A il AR A B A b Rk Ak R b i b A S . R
A WA PG YA AHE R B IR S SRR S BIL R RS B RS, SCEE I T OMEAH T Re-Os Al {37 Z AR, [Al 432
FIHIRIEF 5T 6 EHEAEE FE M Re-Os R ZMAFELE R B AF I (222.343.4) Ma~(226.6+3.7) Ma; AT 1
AEHY R (225.121.4)Ma; SFRTZRAFIS 2 (224.6+9.1 ) Ma, RIZA IRIE BT g — St b Mg shny S FA =41
BT RN AT Se-Nd R 3 4 Ky AT C-O [l 2 38 7 « PO IRARD 1Y ™ 0 o mT B 2= R R 1 b
8 AR H S et i g 2k AR IR A AR T R SRR L B AR Ok T A X B A PR VA AR KR
BRER S RCIRE PR o B4 F & 2L T3 FAR e S AR JU AR Bt fi v 1L %) 5 R A R B8, TR i s &
A A R T 2B AT B A i, JIT IR B ik R IO R 4 S A R BT Y, A NW-NWW ] R B 244 15T

TEE A,
LA IR BRI A KON IR s MEEH BT Re-Os AR ; S-Sr-Nd-C-O [F] 7 FK AL ; VE I AR IR 5 25 2214
FE 535 P618.65 XEARERS: A

Molybdenite Re-Os gochronology and isotope geochemical characteristics of
Xigou molybdenum deposit in Shaanxi Province and its geological significance

DU ZhiWei"?, YE HuiShou’, MAO JingWen’, MENG Fang’, CAO Jing', WANG Peng',

WEI Zheng' and DING JianHua’
(1 School of Earth Sciences and Mineral Resources, China University of Geosciences, Beijing 100083, China; 2 Key Laboratory of
Metallogeny and Mineral Assessment, Ministry of Natural Resources, Institute of Mineral Resources, Chinese Academy of Geologi-

cal Sciences, Beijing 100037, China; 3 College of Gemology, China University of Geosciences, Beijing 100083, China)
Abstract

The Xigou molybdenum deposit is a carbonate dyke molybdenum deposit in the Huanglongpu orefield of
eastern Qinling. It was discovered and explored in recent years. The molybdenum orebodies mainly occur in the
quartz calcite carbonate veins with the host rocks being the Neoarchean Taihua Group. Molybdenite is mainly dis-
seminated, thin-film and lump-like form in the quartz calcite carbonate veins. The host rocks have experienced

such alterations as K-feldspar alteration, silicification, pyritization, fluoritization, and anhydrite alteration. The
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Re-Os isotope dating of six molybdenite samples shows that six model ages range from (222.3+3.4)Ma to (226.6+
3.7)Ma, the weighted mean age is (225+1.4)Ma and the isochron age is (224.6+9.1)Ma, indicating that the deposit

was formed in the Late Triassic. S isotopic composition of sulfide and sulfate, Sr-Nd isotopic composition of bar-

ite and calcite and C-O isotopic composition of calcite collectively imply that the ore-forming material of the Xi-

gou molybdenum deposit may have mainly come from the mantle. The Xigou molybdenum deposit is a carbonate

vein deposit according to its geological characteristics, metallogenic age and metallogenic material source in com-

parison with other carbonate molybdenum deposits in the Eastern Qinling.

Key words: geochemistry, carbonate vein deposit, molybdenite Re-Os dating, S-Sr-Nd-C-O isotopic compo-

sitions, Xigou molybdenum deposit, Eastern Qinling
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Fig. 1

Structural map of the Qinling orogenic belt (a) and schematic geological map of the Xigou molybdenum deposit (b)

(after Mao et al., 2009)

1—CQuaternary sediments; 2—Cambrian carbonate rock; 3—Marble of Taowan Group in Neoproterozoic; 4—Greenschist of Kuanping Group in the

Middle-Neoproterozoic; 5S—Marble of Guandaokou Group in Middle Proterozoic; 6—Volcanic rocks of Xiong'er Group in Mesoproterozoic;

7—Lower Proterozoic metamorphic rocks of Qinling Group; 8—Gneiss of Taihua Group, Archean; 9—Mesozoic granite; 10—Fault or geological

boundaries; 11—Carbonate type deposit; 12—Quartz vein type deposit; 13—Porphyry deposit
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Fig. 2 Geological map of the Xigou molybdenum deposit (after Yuan et al.,2014)

1—Gneiss of Taihua Group, Neoarchean; 2—Granite porphyry; 3—Biotite monzonitic monzogranite; 4—Measured shear zone and inferred

shear zone; 5—Ore zone and its serial number; 6—Place name
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Fig. 3 Geological section along No. 40 exploration line of the Xigou molybdenum deposit (after Yuan et al.,2014)

1—Hornblende-plagioclase gneiss; 2—Feldspar quartz vein; 3—Molybdenum ore location and serial number; 4—Alteration belt; S—Attitude;

6—Dirill hole location, serial number and depth; 7—Tunnel location and serial number
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Fig. 4 Mineral assemblages in different mineralization stages of the Xigou molybdenum deposit
a. The first stage milky quartz vein; b. Barite calcite veins in the second stage; c. The third stage molybdenite vein cutting through the calcite vein of the
second stage; d. Leaf molybdenite of the third stage; e. Intergrowth of pyrite and molybdenite in the third stage; f. Third-stage sulfide characteristics
Q—Quartz; Brt—Barite; Cal—Calcite; Py—Pyrite; Mo—Molybdenite; Mag—Magnetite; Gn—Galena
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Table 1 Re-Os isotopic composition of molybdenite in the Xigoumolybdenum deposit
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Fig. 5 Re-Os isotopic isochron age (a) and weighted mean age (b) of molybdenite in the Xigou molybdenum deposit
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I, 10 FH Re-Os [R5 26 148 2 W 5 4 4H T2 1 AF 0% g
SRR ST IR T B AR , DA K DX 3 A RN A4 i
AR SO B AR AR 2

AU ST P9 VA BT IR TR Y w(GE Os) TR
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< st MFEEA T 1 Re-Os SF AT AF 1% ((224.6+9.1)Ma) 7] LA

& AL R AR
o AR A B TS5 | B 2 P 9 B 7 K T
A AR K 225 Ma 2247, OB IR e = it

Mao %5 (2008) H2 Hi5 15 ™ EH A K A BB 4F % 5%
Olil . | S 365 RS0 S I, 4 1 R 2 0

8 34Sv-cDT/%O

Bl6  PUIE A PRA R £ 3% 20 A BT 8]
Fig. 6 Histogram of sulfur isotopic compositions in the

Xigou molybdenum deposit

5%, 725 4k 785 Bl 4 (0.0188+0.0211) x 10~ (0.0823 +
0.0423) 107, 1] w(Re) i , 28 167 [l 41 (57 882+
638) x 1076~(88 417+793) x 1076, Re-Os i X 4 i 4
(222.3 +3.4)Ma~(228.2 + 3.4)Ma, H Jin £ 7 #J 4F
((225.1+1.4)Ma) 525 B 2R 4 #% ((224.6+£9.1)Ma) 7F

by DXAEAE 3 A 4H BT A 0 39T, R ER S0 Y 242~
215 Ma FilgHe (L 1 1Y 148~138 Ma L) 2 131~112 Ma,
Ja 2 WD b RE SR 24— Ea b AL K
BE U A% U1 B 25 1R (O IR 4, 2002 5 Mao
et al., 2011) , J& BE A 40 7 IR |, J& 2R 25 0% - K531 b
X i o S ) R AR S, i S AR R il 22
K — L =B R, A1 /NZR IS KA K Re-
Os4EH4 1 215.44255.6 Ma(ZEJE R4 2007 ; 2545 45,
2008) . H 58 H 4 (1) 7 K Re-Os 4R % 4 232.5~268.4
Ma( E SCRAE,2010) 8 0 B 4H (87 ) 7 R (RE4H A~
Re-O0s %5 I} 28 4 % hy 221 Ma (3% 81 58 45| 1984;

R3 EAETIRVERINT R ERHE (58) R EKRESE ($5) 87K Sr-Nd B AL R AR

Table 3 Sr-Nd isotopic compositions in the Xigou molybdenum deposit, the Huayangchuan deposit, the Huanglongpu

molybdenum (lead) deposit and the Huangshuian molybdenum (lead) deposit

w(B)/10° YRb/ w(B)/107°  147Sm/  143Nd/
IR GETE TR o — 87S1/86§r —————— (NA/™Nd), 15/Ga eg(t)  BiskIE
Rb St 868t Sm Nd 'Nd = 'Nd

VYA R B6/1680-CM32 T4 0.053 129949 0 0.70544 031 6.0 0.0307 0511853 0.511807829  1.08 -10.5

PO AR TR B4/1680-CM32  Jifitfi 0.075 7766 0 070537 30.7 108.0 0.1719 0512286 0.512032956  3.13  —6.2

JUREEENINZN B2/PD1680  Jifiif1i 0.038' 9860 0 070545 26.1 752 0.2103 0.512207 0.511898044 34.18 -8.8

PSR B3/PD1680  Jrfiff1 0.038 . 7403 0 070536 61.9 151.0 0.2477 0.512336 0511971077 -3.68 -7.4 o

[EREL ST B5/PD1680" Jififdi 1.890 8279 0.0007 0.70546 22.8 653 0.2106 0.512221 0511910188 4824 -8.6

[IRALEENZN B13/PD1680 " Jifftfi 0.045 7804 0 070544 263 783 02031 0.512225 0511926001 12.88 -8.2

AEBR)I IR HYC-7 0.70496 0.1561 0.512277 147 =59

A BRI B HYC-10 0.7053 0.1229 0.512196 .53 6.6

AT TR HYC-13 0.70501 0.1428 0.512247 149 -6.1

LRI IR HYC-14 0.70495 0.126  0.512151 1.61  -7.5

AEB N TR HYC-20 0.70525 0.1547 0.512341 137  -4.6 IR 2002
WA (D B IR DSG-01 0.0003 0.70539 0.1439 0.512280 146 5.8
HORAEEH (B IR DSG-02 0.0003 0.70547 0.183  0.512287 151 6.5
WORBEEH (B IR DSG-03 0.0003 0.70512 0.1305 0.512027 1.81  -10.1
WK HH (B B IR HS08-01 Jifif 0.099 4701 0.7058 26.1 152.4 0.1034 0.511762 -14.6
KRR (D) IR HS08-02 Jif#A 0.095 8406 0.7059 17.5 90.8 0.1167 0.511875 -12.8
HEKREHR () A HS08-05  Jiftifi 0.081 4526 0.7059 285 169.2 0.1019 0.511756 —-14.7 WMZE, 2009
HOKEHEDF R HS08-06  Jif#fi 0.068 1169 0.7059 182 972 0.1136 0.512076 -8.7
HK RS () IR HS08-25 Jif#A 0156 5229 0.7058 25.5 141.8 0.1087 0.511874 -12.6
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Table 4 C-O isotopic compositions in the Xigou molybdenum deposit, the Huanglongpu molybdenum (lead) deposit

and the Huangshuian molybdenum (lead) deposit

WIRC(E) FE i HIFEWOE S 83C, pp/%o 380, gpow/%o BRI
[LMAEENININ B4/1680-CM32 Iy fite A1 -6.0 7.8
[LIMAEEVININ B2/PD1680 D5 fite A1 -6.0 7.8
P IR B3/PD1680 Dy fite A1 -6.6 7.9 AL
PO IR B5/PD1680 Iy fite A1 -6.1 7.9
P9I IR B13/PD1680 Iy fite A1 -6.1 7.7
EpR RGNS HD8021 Iy A1 —6.6 9.1
EpR RGNS HD8195 Iy A1 -6.8 8.6
B AR B IR HDS8114 ip %al -6.7 9.3
HORHREH DT IR HD8117 V:p. %l -6.8 8.9 N
. HLSEAE 1984
AR IR HD8014 ik 24 -7.0 8.5
HORHREH DR HD8154 Iy fid A -6.7 9.0
HORHHH T IR HD8159 Ji AT —6.6 9.5
HORERH BN IR HDS8215 J5 fif A —6.6 9.0
K RESH (BT IR PXG-B4 Ti it =53 7.8
HOK A EDTIR PXG-B32 V:p 2t -5.1 7.4
HOK AR (EDIT IR PXG-B36 JrifA -4.7 8.0 W 2018
K ESH(ED T IR PXG-B42 V:p 2t -4.9 7.1
WK REEH BN IR PXG-B46 Ji fif AT =5.0 7.1
WK REEH BN IR PXG-B49 Ji ff AT -5.1 8.2

Stein et al., 1997) ; DA K it 1 & B0 ) 7 30 40 &7 K
((222.3+3.4) Ma~(228.2+3.4)Ma) FI4E PH 1| Bl 45 5
PR« BE Ly b X B K RS 40 () 7 R HE4H T Re-Os 55
A 2R 4F % 4 (208.4+3.6)Ma (8 4, 2018) Fil s H g
134> /3 G kR EH T IR , ¥ 04 Re-Os 4F 12 iy 230~
242 Ma( = FH, 2011) , Ktk RZAEW —S a1 2 A T
FKIHT IR T o
52 [REMIERABFFERBE YRR

T2 K20 IR P I EE R TR Z —,
TR0 DB 140 A Y T LA A fife R B 49 o SR Y S ™ PR
S P A5 ) 4 b o SRS . — R A R A i R A 3
ff1 (Rollinson, 1993 ) : RV 5 5 TR IE A ( 534S=0+3%0) .
T 7K (834S=+20%0 ) i1 72 i, ; Hh 76 i >k 5 &2 2% | )
PERMEAZMK, EEDB R AE A FE(E 7).

R B P TTE S TR B Y
WAL= S R A T AR T S RS, R T A 2R 41
RO, 5 Bk AT ) T R A () A7 2R 2 A SR T
PRI i i A ) 67 2% 20 B, 3 2 B DT TE I R BE LR
77 pH {H AU B 55 2 A9 45 il (Ohmoto, 1972)
W, R TSR AR U, AN RE T B bRk POR T P i [)
L 28 A B RA 53 A R 5 BRI IBE R | T o7 AR A B Ak

T S ] AR 1) S [ A7 2 2 AR 1

PYYA BT DR 0 Bt Ak B 4 32S i B R
[ 83*S {H (—12%0~—6.6%o ) , B R £ A X & 434S, B
1E () 84S A (+4.4%0~+5.1%0) o i ALH FIHERRER (1 (E
0w 251 Mg 0 B 1) 47 2 {E (+1%0, Ohmoto et al.,
1979) . Pinckney % (1972) 4% H , £ — & IR & 414
T, AT R R s T UE T B SRR
(i) A2k [R5 251 s, 4 40 P A [ 37 2 4 1 mT A
LA YRR R B [ 7 28 A Y pR B . AR 2 DA
AR A 2 0 A ) A7 26 2 R — T R AR
Al B BB L R DGR I A4S, 5-8%S, 15 84S,
) 56 28 T b W b il — 4% L2, % EL 4R A 834S b 1K)
TRIE A UTVE X 8™ P 1 A HA 1) S ) 37 28 41
Ao X7V 0 D R AR [R5 3R i A B R4 7
Wi, AT R R R FHHRES . HHAERREZMFETH
P2 e, LA A4S B -4

HRAE LA 1 B, 308 426 51 50 0 45 1) A 1 T
AR AT BB [0 3 2 AR 18] (BT 8 ), R/ N
R R R ERER S B AL Y AT LB ARAS IR
i TR AV 28 2 249 1+ 1%, BT LS00 7 3 40 47 AR 1)
) R R T BE 2 M
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Fig. 7 Distribution of sulfur isotopes (Huanglongpu molybdenum (lead) deposit data after Huang et al., 1984 ; Huangshui'an
molybdenum (lead) deposit data after Cao, 2018)

KRB, C-O [F 38 H B 7 B i i
b CORIEMARITIEZ —(FHE R, 1993; Efi 4
25,1998 ; 3k J TR 4R, 1999 B, 20005 J8 5 545,
2012; Zhou et al., 2013a; 2013b) . MF4 A LIF H,
DB PE I ER IR e AR GBI A7 IR A K s £
(BT IR SPCHA I I — , A T =7%0~—4.7%o ,
T DXk P PR R AR 1R DLAR R AR 4 5 A AR
A DRt R R ke [ 47 2 2 BTl U AR A2
W04 A S Al () 57 28 4B (5 IR AE 45, 2002) o FE
813CPDB'518OSMOW Fé—]%( Fé—] 9) rl_l ) @7@%ﬁﬁ%&ﬁjﬁ %
BHCHD IR FUK SR (B IR iAo C-O Rl &R
2 B T5 AR UG KR B2 1 B (—8%0~—4%o )
A8 [F] 6 3R (6%0~10%0 ) 2H LTS I o plHG AT DL, G 2
W IR IT A1 1 C 1O IRl 28 A LR s R e T AT
AR ) 1) oF 5 B 83 C B 5 Rk R 5 fife A AR — B

Jir LA, B AR 1) C-O [RI A 28 41 B RRAIE 48 7 75 1 4H
IR R 1) 5t 5 8 e A L K s BH () 0 IR Y
WY B —FESA ok A T HE

St-Nd [F) 57 ZAE Ry B W™ 1 i v 8 B 48 A, 78
W DR Hb BT 5 v R JHER s 5 L 49 J3 o 1 (Dee-
Paolo et al.,1979), 33 A1, PEyAEHH IR AL FH I
FHE Al 5 AR eng (O EHE T HE-10.1~—4.6, B AT H]
W AERHE B T R T Hhre ARdb RS R
Hi5E 4G Nd 2215, iR A SRR IR 08 54 T i)
A ZRZIEHLIX = 2RI rh Y fift41 C LO )
PERARFEFE T AE VIR KRR A 2N,
Ui B R 32 2 A B B 52 0 (VF BLSE , 2009) o TP
1 AEBAN B el AR 1 Sr-Nd [F)0 ZER RS EM |
i v 51 (11 10) , 36 AN RRAiE 3R B AR At A B g 25 7F —
SAMCEHI T EM | &L R . 2adwr
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Fig. 8 Diagram of A*S-5*S for pyrite and barite in the
Xigou molybdenum deposit
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Fig. 9  8"Cppg vs. 8"Ogy0w diagram of the Xigou molybde-
num sample (base map modified after Liu et al., 1997) (Huan-
glongpu molybdenum (lead) deposit data after Xu et al., 1984;
Huangshui'an molybdenum (lead) deposit data after Cao, 2018)
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Fig. 10 £.,(¢)-"Sr/**Sr diagram of the Xigou molybdenum
deposit ( end element values of DM, HIMU, EM1 and EM2
after DePaol., 1979)

H(Rollison, 1993) . A8 X =& 4L Rk B
AHALAY Sr-Nd [R5 28 ZH RN BAIR Y eng () 1, 26 H:
AT RE AT A ] B R X, U8 X ) T FE 2Ok H T IR Y
JT AR Tl

L5 LTI, VI BT S . C-O S Sr-Nd Rl i %
21 NI4T 7 VU YA BT DR A AT ) O R TR b
53 B IERSET HLE

228 L AT, PE VA FH AT R 5 8 e il L B K R
(B W KRG IR (L2 AR BL, 1 BHAR 35 i
=t YRR B T (R S) , I, TT DR
VI BT R AR 7 B IR AH AR

ZIRE A 2 TR SR & I 1K
2 7% B R R AL, T B 2 v G 3 4l R X
A, I A A Bl A AS i AR B B (2RI OGAE, 1990
Ames et al., 1993; 5K [E] {5 45, 2001; Zhang et al.,
2002; Xie et al., 2004) o Fil A izt K5 g e A2 iy
FYAEAR 25T, UEBA T — 8 20 il 4 3 L1 A9 g 3] K 3
TF 242~227 Ma Z [i] (Ames et al., 1993 ; Chavagnac et
al., 1996 ; Hacker et al., 1998; Zheng et al., 2007) . =
JRAZ4E (2009) FERTSE T B2 LR 7RV 4B B A 2
JeE ¥, ZE 0 3 LU p TR e R A 3 AR T A
KHAE220 MaZedy o PRI, AT E 75 220 Ma LA
T8 U4 b DX A il 4 3 LU VR 8 45 01, IF 5% A Al
T A
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Table 5 Comparisons of characteristics between Xigou, Huanglongpu and Huangshuian deposits

X I H (LR RN T D IR TR R (D IR
TR AR (224.6+9.1)Ma (221.5+0.3)Ma (208.4+3.6)Ma
PRI g K KA
T il KA R FEORAERTE A TN B = RHC R R oG S REERE L2 1L B L A RS BRSO AR N ARH T IR
P— FEAZE ) EW i) L e By b FELZ5E 19 NE il ] SE Y — 41 ikt i 24 FEAZNE 1] I SN [ (NW [i] 3 41 K %4
Je 47 it 2 gt 2 )
B AL B T A WAL ST AL BT e BRI | AL B Bl B |
[Coepegin WAL a1k Atk
TS Jiketk Jik:tk Jik:tk
DT A EEIRT ‘%W ' ﬁ&ﬁﬁm R ERA D A ERIG I R
AT D i S
B ) B I L g 5 g 58
W PRZEH TR R BRIR IR TR R RS IR IR A R IR PR
BRI ES'S HULEEAE, 2009 i ,2018

KT Wi A — B 2055 A Bl s 9 M 5,
B AR (2007) FERF G T 28 W8 S KR Al L 28
U4 35 114 A Rl kb MR oG AR BI R AE A— LR
FEE XS 7 A RRAE s 28 V104 (2010) 7R 5T T 518
1 1L e = A A TS B i T e = S T
WA B A i A RT3 08 b DX A B b i
M S s AR A TR B 7R My AR AR B =S
TXCBEE ] P, I A A 3 i s A b g (4 TE 12 T -
W6 76 7F B oty AR A — v A AR 1) G o R e
U8 F Z BB SE R R PR TR () AR 5 1 38 1) b
PRI e T s AR R

AR SCINAS B P VA BHAT IR B AT A 16 R (222.3+
3.4)Ma~(226.6+3.7)Ma, &5 5 5 AMFFE AR IN N, 1%
W IRIE W T45 -t e 5 AR J b p Dl 48 325 L 1Y) ol
i B B, R Bl FIm s A 1 A S A el g
RAARRR BT A mh, TE 8 T R R T A | B 2 It
T B R o ARG BE AR B I R (B2 B 4
1998) , {i HBE % A 52 Ja] 1140y o VR e 1 PR i % 22 b
FIU LT WA K

PUYA AT PR A B o 2 v ARG AT < 78 B - B
W AR SRR A A B B, T R R
A B A Ak R AR R A e T R
WG SRIG R -k R A B B, Y A SRR IR
K, BB B LT AE A JEm Y . B R A
W B, 200 BOVESH ™ K S s e 4k, 78 s i 4
W B BE R B AR AE R BT O R £
WS ARARTE B, BB 2 AT HRR B2 etk

A0 A T 5 ik AR ) BT T M A1 288 SE B RS
LR GOIR GRBAR AT HOIR ™ Y, sl R T 07 A
OB REE N . BEJS (ERURRER B BE, KR i
10 AL IRE ARG, SR B v, B0 LA A R B
PSR NAET E I AL

6 %5 &

(1) PUIHEHT RIE BLAR % 225 Ma 2245, L™
R R e = B it

(2) PEAEHT 1 S C-O I Sr-Nd [F] 43 Z 41 1t 4
F& 7R PO VA EHAT PR ) LA 1) o R 5T Hs

(3) PUYREHT RAGH RS R 5 B e 40 ()
IR EK R EH CBY ) 07 R —FE 4 S B R 25 78 ok
Ko FIRERY LA LI A 28048 18 1L A A W VR =
HEE Y FIR LR T B E S A i &
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