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Stratum Cambrian-Ordovician Palaeoproterozoic Proterozoic granite
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Fig. 1 Tectonic map of China, showing the location of the Qinling Orogenbelt (a); tectonic framework of the Qinling
Orogen belt (b, modified after Wang Zongqi et al. , 2002, 2009; Yan et al. , 2006) ; sketch map of the main Cu Mo
deposits in East Qinling area (c, modified after Lu Xingxiang et al. , 2000)

P AR PR A BT AR 4 500K BT Wu Fafu et al. (2014);Xie et al. (2015) M fE# 215 & 2 80 s 1 & 418 19 L0 IR U5
Ke Changhui et al. (2012) ; HAH PR 9 S BHACH 35 F Li Nuo et al. (2007) ,Hu Haizhu et al. (2013) } H %% Sk
The metallogenic ages of the Cu deposits in the Fig. 1c are from Wu Fafu et al. (2014); Xie et al. (2015) and author unpublished data;
the age of Nantai Mo deposit is from Ke Changhui et al. (2012); the ages of other deposits are from Li Nuo et al. (2007),

Hu Haizhu et al. (2013) and the references
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Fig. 2 Apatite and metallogenic rocks of 160~140Ma Mo(W) and Cu(Mo) deposits in East Qinling
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(a)—Granite porphyry of Nantai deposit; (b)—porphyritic granite of Sandaozhuang deposit; (c)—porphyritic granite of Nannihu deposit;
(d)—granite porphyry of Jinduicheng deposit; (e)—biotite granodiorite porphyry of Qiushuwan deposit; (f)—quartz diorite porphyrite of
Chigou deposit; (g)—granodiorite porphyry of Xiaguanfang deposit; (h)-—granodiorite porphyry of Yuanzijie deposit; (i)—granodiorite-
porphyry of Xiaohekou deposit; (j)—granodiorite porphyry of Shuangyuangou deposit; (k)-—granodiorite porphyry of Yuanjiagou deposit;
(I)—granodiorite porphyry of Lengshuigou deposit; (m)-—apatite Phenocryst, cross-polarized light; (n)-—apatite in the biotite, cross-
polarized light; (o) —apatite between biotite and feldspar, cross-polarized light; (p)—BSE image of apatite; Ap—apatite; Bi—biotite; Kfs—

potasslum feldspar; Pl—plagioclase
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Fig. 3

Si0,-FeO (a) and SiO,-MnO (b) of apatite and metallogenic rocks of

160~140Ma Mo(W) and Cu(Mo) deposits in East Qinling
P& v BBl A R Sl K A X R 4351 B Yao Chunliang et al. (2007) #d#

Date of magmatic and hydrothermal apatites are fromYao Chunliang et al. (2007)

SR 0. 25 V) B E T Cu(Mo) B IR 0™ 2 1K 1 i
KA 0% ~0.02% . F ¥k 0.01%;0% ~0.18%,
S35 H 0.08%) . HILIEE . AR BT R S A
K A B AL O, (K, 0,.BaO.MgO F1 FeO )%
AR YTE 0. 01% ~0. 04 % Z ), i HA [F 4~
LR Z AR K.

FEHE Ay 5 T 5 T A I ) R 38 LA A X 8
FF & a0 Mo (W) B R 0™ 5 K h il Jk 41 F
P (2.83% ~5.81%, E¥IH 3.97Y) E & F Cu
(Mo) 1™ PR A 5 14 1) 8 K A1 (0. 69 % ~3.76 %, F
¥k 2.78%) . Cu(Mo) B K B 7 7R B 8 Ik 41 Cl
T 0.13% ~1.14%, F- ¥ 0. 45%) F @& F Mo
(WO RIS 25 7 o 8 K A7 (026 ~0. 04 %, -3
0.03%) . CulMo) B PR A A BB A b SO, %
i (0.01% ~0.85%, F ¥k 0.1720) & L F Mo
(WO R 5 1A il I A1 SO, & 8 (0~0. 48%
S 0.17%)

5 g

B IR AT AR O 2 3R 8 vh 43 R P 2 O Y T A
A HCRU 3 R AE X 48 78 BE 5 T 2R 48 Hh 45 PR Oy
H AL B B 2 L, Brehler et al. (1974)
38 30 B AR AT A Y WE TSR L i T CLARRS T F
o w T AR b E R E g R TR E 2 A
A F 30 CLRRE, w4 s iy F/CL (R AT
RE T/ 5 R X A7 DURRU A TR A (Candela, 1986
Boudreau et al. , 1990), 7EARKIMILH . Mo(W) H”
PR B & R h B KA S A BRI F & i i Cl

B ARRAK, K28R TRIL (R D, W4
R IR Mo(W) ™ R A 5 4 i JK 41 F/CL L
16 81~262 Z b, & T Cu(Mo) ™ K iy # )k 1 F/Cl
FEfE (0.8 ~25), X ¥t Bl Mo (W) & JK A1 %I F Cu
(Mo) ™ IR s AT 5 PR A 5 R U8 X SR 1 B Ay i
IR UL R ) P8 X 4R 4E . Belousova et al. (2001) .
Cao et al. (2012)IA A KA P AR A Mn & &1
JLWR T 5 R XA 5 2 (DU SRR AR AE . AR
WAWFFE s Mo (W) B R LA™ 5 1A 1) Wl K A 38 5 5
BE W MnO & i (0.05% ~ 0.91%, F ¥ K
0.25%) ,1fif Cu(Mo) §" IR B W™ 7+ M 8% JK /1 MnO
B A X R (0. 02% ~0.18% , ¥R 0.07%)
XA E— 25 1 Mo (W) 7 PR L™ 25 4 1) 2 28 TR X
rh R A S N ) O AR A U IXRRALE

R A A [ B R 114 72 8] 53 A 8 AR A0 LA™ A 1K o
WA AT FRAE AT L AL T2 6 Al B pig 2 1 46
He 3k Mo & R (F/Cl Hffi sl 243~262,MnO % 5 >
0.13%~0.3%) B Mo(W)HF" B (F/Cl H1H K
186~198,MnO & &4 0. 07 % ~0. 29 %) Fl =& JE
Mo (W) #" & (F/Cl Kl S 173, MnO & & K
0.17%~0.63%), Bt Z W 1M & Mo #JR (F/Cl
OB R 115~120, MnO & 54 0.19% ~0.91%) .
B CuMo 7 IR (F/Cl EL{H A 89, MnO % &4
0.05%~0. 18 %) , 15 B g Z2 148 (17t 1 Cu(Mo) ™ IR
(F/Cl Feffy 5.4~10.3,MnO &7 0.01% ~
0. 12%) F1 /N 11 Cu & JK (F/ClL Fb il 2.7 ~
14.4,MnO &0 0.01% ~0. 16 %) , B A 1K1Y
B AT F/CL HAE A MnO &5 B 78 3% #7 A% . LI
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4§0?EEP¢XA?% O AR B 4 22 5 IR AT AR
PR B Wt Mo(W) 52785y Cu(Mo) . 3% i 5 I 7

F%ﬂl"i’@l: IR DA Rp AL XS 7 AL T B A — € 1Y
LT T A0 o K b o R DX AR AR A 4 s L 5

JR A Sr-Nd-HI [6]7 2 FAEAR — 2 (Chen Lei
et al. , 2015),

AAMMEESR I SR P KO B E SABE NS
(SO, >0. 7%, EEZ PIEIE 1. 3%) (Imai et
, 1993; Streck et al., 1998;
2002) . SEEUEW] . 7R R ré b Bk KA Y SO,
A S B FGR B (o, ) BN 3 0, 6 23 IR
JEH B (QFM) H SO, & 8/ F 0. 04 %6 246 3 H Ak
B (MH) W SO, & HAE 1% ~2. 6% (Peng et al.
1997), Parat et al. (ZOOS)U\jﬂfﬁiﬁafﬁﬁyfijy
S R BRE £ B AR AR B K AR
SO; &t /E 0.5% . A7 7 1 B BR T 48 74 b B 1
T[] B 25 32 B SRR JE Cf o, ) B 8 T 8056 T NNO

al. Parat et al.,
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(NENIOYZE W Z | 1. 0~1.5 logfo, - BE ANNO
=1.0~1.5(Carroll et al. , 1987), FEAKMFIL .
Mo (W)™ BRI 5 7 Hr i Ik 41 SO, & 2 (0. 0426 ~
0.48% . F-¥14 0. 17 %) 5 Cu(Mo) # K LA 4 14
KA SO, & (0. 01% ~0.85% . -1 0. 16 %)
FHIE » I B ICIR J 7E Mo (W) § IR Il 1™ A 1A 18 & Cu
(M) B IR IS 25 VR ¥4 oK 2 A B0 7 s 30 406 B
a3 S AR A AN, WG R 1k 1Y R A Ak B A B
4L I8 SRR S L SR JE /N NNO+ 1 28 i £k
(K 4a).

HRAEF AL R P A R ORI T R R R
PG A 1 43 e 2 B0 A [l 0 2 A SRS AR IE AR &
B RE TC R &L ST RN R, HERMG (£
Zgg FLCLS &) R ALRE % 42 i 16 i T 2 3K 76 4k
TR S ST AR AR KRR E CuuMo, Au %5
LA TG 3R TE S VA A 55 0 AR A v i) 43 TC ZR B0 AT
W U R A A Y dh A% B (Burnham, 1979;
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Fig. 4 Discrimination diaram of F, Cl and SO, (a, b) and major composition (¢, d)

of apatites from metallogenic rocks of 160~140Ma Mo(W) and Cu(Mo) deposits in East Qinling
NNO-+1 HL M Peng et al. (1997) ,NNO F/R Ni-NiO 2 mh 2% ; 1K 4 7] [&] 3
The line of NNO-1 is from Peng et al. (1997); NNO represent Ni-NiO buffer; symbols as for Fig. 3
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Candela et al. , 1986; Zhang Dehui et al., 2001;
Heinrich et al., 2004; Williams-Jones et al.,
2005) .1 H AL S5 Kty HEEZS 5 T TR i
s CUFn HS™ 2 45 #1912 0 (Burnham, 1979
Rui Zongyao et al., 1984, 2003; Candela et al. ,
1986 ; Zhang Dehui et al. , 2001; Heinrich et al. ,
2004 ; Williams-Jones et al. , 2005), [Ny, ¥ % /o
TEBEE AL CuMoAu 7 R IJE i #2 BA 8 24E
JeIIE FLCLUTEAR i) 5T 25 R HGB I 4 ] 19 T 4 S
FE T R S AT IR ) TR S | R ) o
MR s S HoA 82 7% L (Treloar et al. , 1996;
Sotnikov et al. , 2003,2006; Tollari et al. , 2008),
A b JTE R s A CL & B 5k ClL & i &
ERMEOCFR M RE A F W A KA
(Webster et al. , 2009) , (5 I JK A7 7] L) S e 5 3%
TR ILIEXE) F R CL B4 SRR E .

F A CL7EAE B 5 AR 22 v B AN ) 1 3 2k
P P BT A 1B 1 200MPa 1§ 60T S F 721 14 F
PR Z [E] (5 B R BOR T 150 HARRX TR F 4
Gy BENSEAA S [R)I RE A% AR e 1 A 66 2 L 32 | [ A
2 g s CLIE IR A RNRAA Z [ I 4 B R UM T 1,08
SR S RN DO =i A R NN U - A EAN
(Webster et al. , 2009), fEFER A HKH.F 25
HEA T ®E KA i CL 280G A T iR m HA
B g R 1 BB B i AN K A, CL G 1) T i
AT # (Mathez et al. , 2005; Webster et al. ,
2009) . WK AT F/CL R E AR MR . A WBE S H
Mo (W) B IR U™ A AR i B K A1 B F 5 & Z W] B s
T CulMo) i JK (J&] 4b) . BEH] Mo (W) B JK i) i 7
ST 1 R P L T IX 5 Mo CW) ™ B By B AT
AR EEEAE R BEA L T Cu(Mo) § BRI B8 & 1A
F2 R A B DN A B A BRI A — B

i F FLCLXEAS R A 0 3R 1T B B A A R 1Y
PEH 3 B T AR Mo (W) AT Cu(Mo)
WK SR KA1 F.CL & AA —Em2E
St BAR Mo 75 K B A FI i A 2 1] ) 23 1E K
T FEZHIEN AP £ 5 (Isuk, 1983; Candela
et al. , 1986; Tingle et al. , 1984; Keppler et al. ,
1991; Webster, 1997; Kravchuk et al. , 2000),
HEA Y H, O J& ME— 5 & 3y I Mo 7615 {4 A7 F1 i
PR T A C 2 R BCA LB s I HLK 43 7 18 S0 1
AR SR E Mo 1y Fi & F1 3T #% 1) 8 % ] R (Rempel
et al. , 2006), {HJ&. &% P46 /K & i J R 2
5 25 RS B ) AH A AR b A A JE LR R

WIhR 7K & & & JA R T Mo #E AR, Mo 1 i 43
FR B A S AR RN I K E A 8 R i F
AR folTJe8 1K v 7K o0 A B2 T v B v R R R AT
Kk Mo YL 4r R EC H O F A Ca # By B UMK 53 1
F-Ca §, {fi 15 50 4 #& 16 h Mo-O K A1 & 5 17 hn
(Ivanova et al. , 1975; Kudrin, 1985) .4 #] T Mo
WAL, X5 T Cu kul. BRAIA LR RUTES
J TR B SRS Cu B iz 1 s AT 3 224
(Li Yingqing et al., 1981; Lowenstern et al.,
1991; Heinrich et al. » 1999; Ulrich et al. , 1999;
Williams-Jones et al. , 2002; Heinrich, 2005; Hou
et al., 2007) . fH J2& 75 & 7K AH F1 I A4 AR 41 B9 23
B R %S ClL& R EAMA KR, Cu 1R A 3
LA A Y X E (Gammons et al. , 1997;
Loueks et al. , 1999) .1 Cl f#T HE 5 &K &K
Tk B A1 A < (Candela et al. , 1986; Keppler
et al. , 1991; Kilinc et al. , 1972; Stefanini et al. ,
1996) . 24734 5 K0 R0, B Y I A A B 4
Cl(Candela et al. , 1986; Keppler et al., 1991;
Kilinc et al. , 1972; Stefanini et al. , 1996), [&]Hf,
W& B ) i REAIG, CL 5 20 46 T U A4 A Hh (Huang
Peng et al. , 2000) , [A] 5, 30 4404 22 A i 0 90 o 56
Bl Cu TEWm A EZE DA A& Y LA TE
(Gammons et al. , 1997; Loueks et al. , 1999) .
B FEA RIS & B Cu(Mo) B IR LB 5 P i 7%
A BA R Y CL A Mo (W) B IR B & 14
PR O B AMS RSN F S X ERE T F,
CLXS AR A TT 3% 19 1T B H AT — R 1Y % £ 1 3 A
OES

EH-PIRARGE R S & i SRl 3 B 4 A
A B CEERMEM KA B TS A KER SO; .
It HAS B FLA 8098 1 A € 1, BRI X i K A v SO,
o AR T - BOR R GE A R
BREX ., wmB KA SO, i) FER KRS KK
R MBI FE | fo, YLK HE J) (Tmai, 2002), 78464
ET L BEEERIER T fo, MBI, B K A SO, & &
WG . S FEAE IR #h 1 1A b 2 LB AL ¥ GA JR S
SO FGREREE2E CAALES SO ) MIERAETE. 1w
Fo, T AR ZH0S LL SO F SO, 1T X% it
TE 0k 12 £ %5 7k (Oxtoby et al. , 1978), i H %1k
SRS fE P B BOR B % & (Zhu Yongfeng
et al. , 1998; Zhang Dehui et al. , 2001), Ji H &
SO TE & H b i I i 2 s Ak B e 10 A5 DLk
(Jugo, 2009) , P AR Y. /Y & 24 SN & S, R J&
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BN A 00 0 B 4R AR 4 % BE (Sun et al, 2013),
AR B R [, B S 2 S2 L, H Y
SR ENR ARG 23 45 b R 0 O Bk A Ak ) B R
A R AL TR 4 B 3R 4 R 22 B R 0 A
i A BB A W AR o T & AR 43 BT (Lynton et
al. s 1993) AFIF R . AHR . WA I AL T Ak
R BN S B EV G A ST S Ak 4 1 2
T 58 11 B B b (Candela et al. , 1989) , X AL LA
377 A TRV R B A 0 e A S T A R B 2 TR i
IRITE B . TEBRALPI R 2547 F . Cu Mo 7E5
Hrbp BN 25k L 45 5 2 S AE 0 AT {8 Cu, Mo 7E 5%
A H & 4E (Bornhorst, 1986), 47 3¢ vh ik 1K ik
AN, &4 Cu, Mo S50 T 2 ilF A S KA
WA, AR F O RCE KR B R, Tmai
(2002, 2003) 3 12 Xf B 73 B PR o 3 0 AR &
W25 R Bl A A3 D5 I Dl B 0 o R P A
KA SO, & — KT 0. 100 A& H [
B PEA R BE KA SO, & — KT 0. 1%, ARRWF
FAE R R Mo(W) 1 IR H @8 Ik A1 SO;F- 3 &5 8 oy
0.17%, Cu (Mo) #" JR # K £1 SO; “F ¥ & & h
0. 16 % , 5 LRI BF 5 L™ K 2 A ALY SO, & &
(Imai, 2002, 2003; Yao Chunliang et al. , 2007;
Xiao Bo et al. , 2009) , Jfij 1%t & 3% 8 8" 5 (R T A
Cu.Mo Wb FI 25 F 2 — . HJ2 A T 18 % 4
J B e A R I T e 4 S i TR R TRl R TR B S Y
%" (Yao Chunliang et al. , 2007; Xiao Bo et al. ,
2009) , AR BFFE I Cu(Mo) §™ & J 8™ 5 14 Hh i Ik £
() SO, S A AT AEAG . A I, JC I8 J2 A 3 1 A i il
S PR RE A7 T R RAE AR IR BE R 1) Cu(Mo) B K
H, X UL A ZR I8 ML X 160 ~140Ma Cu(Mo) #°
(8 AT 3 B A AR X AR fo, RIS & & L T X A]
B A2 3 B X 4 Cu (Mo ™ Ak IR A8 /) 1 Ji K]
Z—.

6 4t

WL X R 28 H X 160 ~ 140Ma Cu (Mo)
Mo (W) W5 R A 6] 3 4k 28 B 1) ) 1 25 A w8 IR A
Sy RIS 45 LR 4548

(D 7R Z2 05 i X 160 ~ 140Ma Cu(Mo) Fl Mo
(WO IR BT 5 0 v B 8l K A0 B — i 1 B 43 22
5. X F CulMo) B IR s Mo (W) B IR B 2 14
JRAT A AT R i F/CLEGE A MnO 55 &, i B
Mo (W) PR S 25 UK 1) 25 3 U5 DX 5 A o Sk 5 20 1Y)
DU R R AE . M A b Al B e 2% 21 b 28 0%, 77 5]

28 U8 M DX, T R B B K A0 F/CL G FI MnO
B 8 TE 20 T R AR 100 2 R X v i R R W TR A
B L2, A 2 R 3B T Mo (W) #5745 5 Cu
(Mo) » 15 B ™ 25 2% 1) T DX 4 fE X6 4 Ak 2 70 1A —
FE I 2

(2)Cu(Mo) FHl Mo (W) " PR B 7 14 1 i JK A1
J 53 R AIE S 7 R R Ak 14 L A R BT AR RIS Ak
HFARZS . Mo(W)H ™ R LA™ 5 1A 14 85 JK A1 % A AH
X F &t i m i F 3 ik B AR A A b K 0
JE T B AR IR B i AT 3R Mo i 4 R K
HHT Mo 54k, Cu(Mo) i IR B 5 14 1 W JK 11
TA MR CLE RN 580 R 78S CL&
HAEEMAXER, H Co fEREMT FEUEEY
WRFAER K, ARG BB ARNF LS
L R R RIS AR T R BA — & 1k
EE

(3)Cu(Mo) Fil Mo (W) # PR B0 & 14 i 1l JK A1
T SO, &, 5B A R R b & s ek
JRAT ) SO, ¥ Bl AH— 350, 13X d 2 T B Cu Mo 74k
A RS 2 — o AR o A6 T S 78 AR e K R B
FHHR T, Cu(Mo) B IR ™ 2 1 h 8 I A 1 SO, &
S AG  HE DN R A A SRR fo, F1S E ]
A2 1 AR X B Cu (Mo) @ 1k B %58 /N 19 Ji 1Al
Z—
B AW E TAEM B T LA @ T i A
Jeiy by I B8l A g RN P A6 A o b BT B A )Ry 713 BB R )
THESHPAN TAE R 713 EBN BT ik P AL HAR
PTG 2B A% X I TR O A [ M R
S R R T I B 4 T T SR S
Bl AW A SCEER TR 2 A7 gk i
W TE M —IF R B
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Characteristics of Apatite from 160 ~140 Ma Cu (Mo) and Mo (W)
Deposits in East Qinling

CHEN Lei”, YAN Zhen” , WANG Zongqi” , WANG Kunming"
1) MLR Key Laboratory of Metallogeny and Mineral Assessment , Institute of Mineral Resources ,
Chinese Academy of Geological Sciences, Beijing, 100037 ;
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Abstract

East Qinling hosts two types of mineralizaiton deposits: 160~140 Ma porphyry and porphyry-skarn
Cu(Mo) deposits, and Mo (W) deposits. This study carried out composition analysis of the apatite
collected from the ore-forming rocks. The results show that the apatites in these two deposits are
magmatic in origin, although there are some differences between main compositions and volite matters.
Apatites from the Mo (W) deposits have higher F/Cl values (81 ~262) and MnO contents (0.05% ~
0.91% ., averaging 0. 25%) than that of the Cu(Mo) deposits (0.8~ 25; 0.02% ~0.18%, averaging
0.07%), indicating that the magmatic source of the Mo (W) deposits is distinctly characterized by
sedimentation provenance. With the change of geotectonic locations from the southern margin of the North
China Plate to the North Qinling orogenic belt and the South Qinling orogenic belt, the F/Cl values and
MnO contents of apatites from the metallogenic intrusive rocks decrease gradually, suggesting that the
mantle material in magmatic source gradually increased. Meanwhile, mineralization types changed from
Mo (W) type to Cu (Mo) type, and this change indicates that the characteristics of the magma source have
certain restraints on the mineralization types. In addition, the apatites of ore-forming rocks in the Cu (Mo)
and Mo(W) deposits contain various volatile contents, which have a certain selectivity for mineralization
elements. Apatites of the Mo (W) deposits have higher F content (2.83% ~5.81%, averaging 3. 97 %)
than the Cu (Mo) deposits (0.69% ~3.76%, averaging 2. 78%). And higher F contents can not only
improve hydroxyl content in the melt but also increase the partition coefficient of Mo, which then promotes
Mo mineralization. Apatites of Cu (Mo) deposits have higher Cl content (0.13% ~1.14%, averaging
0.45%) than the Mo (W) deposits (0% ~0.04% , averaging 0.03%), which may be related to the Cu
occurrence as chloride compound in the fluid phase, and the coefficient distribution of Cu in the melt and
{luid presents positively relationship with Cl content. Apatite contents in the Cu (Mo) and Mo (W)
deposits are similar with an average SO, content of 0.17% , which is consistent with the SO, content of
apatite from the typical porphyry deposits. However, in comparison with typical large and super-large
porphyry Cu deposits, ore-forming rocks of Late Jurassic-Early Cretaceous Cu (Mo) deposits in East
Qinling have relatively lower SO, content in apatite; correspondingly, ore-forming magma contains lower
oxygen fugacity and S content. This may be one of the reasons resulting in small-scale Cu (Mo)

mineralization in East Qinling.

Key words: volatile matter; apatite; porphyry-skarn Cu (Mo) and Mo (W) deposit; East Qinling



