Faag 1 A OA U W ¥ R OE Vol. 44, No. 1: 87~112
2025 4F 1 H ACTA PETROLOGICA ET MINERALOGICA Jan. , 2025

Doi: 10.20086/j. cnki. yskw. 2025. 4049

INARIG-IKT FIWRAH wiE> Mo ZERBH X
T am R ERE R BT

DR, R AR GREAR Wik TRt R REE TR,

Mz ! ,5]'(97\ 221
(1. P ERF B BRI GT T, B R MR I R SE 0=, BEM BRPH 5500815 2. R EBl =B KA haR 517 &
Blef2Epe, dbat 1000495 3. BRVTA T ER A RITEAF, Byl WBIRE 1500365 4. BIRITESH AR,
LRI MEIRIE 150036)

W E: X% Mo ZEBEW RN T /NSRRI -5 A I8 lin 5 B, B XS N #7T & B0 BB BEA IR, B X
BEWENED B A U-Pb BAEEREN, “RIEK & (MG) AERINKE (GD) MR A - KILK A (BMG) ¥
BATAEES 433 H 177£1.9 Ma~174£1.2 Ma 170+1.9 Ma~169+2. 1 Ma Fl 172+1.5 Ma~17221. 4 Ma, =2AEK 4
VIERE(64. 41%~T77.77%) (& HERE T HRATLE T P(P,05=0.02%~0.21%) il Nb Ta 55 & 5T E MR,
HAMWAHEE(A/CNK) 7E 0. 99~ 1. 21 Z 8], A UEER 55 1 5 B R ARl 1 RIS A . & Nb/Ta fH(7~13) 5
SRR, SRR A A eHI (1) {H ] 3.9~18.8 i%ED%;tﬁfﬁaifeﬂéﬁ?%ﬁiim%é@%ﬁﬁ%ﬁﬂ,Hi%é%%z*ﬁ@ﬁi
(MMEs) )72 & B 7R il B — E i e By oA, 2584 Xk v s Ak s A IR IX A6 54 5 1T BE IR T A
RIS B B Tl 43 W O — T A 5 AR R T Eﬁl:izﬁwkh%ufsﬁ*i’dtﬁzﬁﬁu 5 Cu-W Mo-W 1L BA B
W2 R A X R, A F IR AAER 5448 Re-Os INBCFH4EES (169. 0£2. 2 Ma; MSWD = 0. 042) 7R iR 25 U N
— B BN T BE S B A T A AL B W T R . S5 AR A U-Ph ARARAE HI R RFHIE RS AR
SERRELE G AT R B R R AE B A S5 16 5 TN 2 P RE A () 0 25 A [ VA At B ) 7=, 3 v 1 T A b 7 B T e
ARTHR T Mo WEE, B X WL A (La/Yb) (BB BT AL b 5 i 25 B A, 3R D2t X 7E 0T ) % AR T
B il B AR 8 e 48t | R4 ] BB R T A I — R AR 1 RN AR PRl , AT A A F Mo 0 AR RJE AL
KR TAERE ; A BRI FAAE, FRBIR G Ml R ; Mo 07K
hE 4SS P588.12°1; P618. 65 SCEKERIRAD: A M EHS: 1000-6524(2025) 01-0087-26

Petrogenesis of the granites in the Waxing Mo-polymetallic deposit, Lesser
Xing’an Range-Zhangguangcailing metallogenic belt and its metallogenic
implication

YI Chen-long"?, SHI Dong-yan’, ZHANG Xing-chun', LAN Jiang-bo', WANG Hong-chao®,
RONG Xue-gian"?, DENG Ju-ting"?, WANG Dian-zhong', YANG Zong-yong' and ZHU Jing-jing'

(1. State Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550081,
China; 2. College of Earth and Planetary Science, University of Chinese Academy of Sciences, Beijing 100049, China; 3. Heilongjiang
Mining Group Corporation Ltd. , Harbin 150036, China; 4. The Fifth Geological Prospecting Institute of Heilongjiang Province,
Harbin 150036, China)

YrFs B HA: 2024-02-01; #EZ AHA: 2024-05-30; g FIHHE

E£WH: EZRARRFESTH (42222206) ; T EFBHFEBEF S E 545 H (GITD-2020-13) ; BR iHRIFFH H

EBEN: (1999 ), B, W-EAF5 4, kL34, E-mail: yichenlong@ mail. gyig. ac. cn; MWIRMEE : REL(1985- ), B,
WA, A, KA FBREE N R G EH S BB, E-mail ; zhujingjing@ vip. gyig. ac. cn,

W& E & EHE: 2024-09-26; B Z ML hitp://kns. enki. net/kems/detail/11. 1966. P. 20240925, 1444. 002. html



88 " oA B YW ¥ &

i 44 3%

Abstract: The Waxing Mo polymetallic deposit is a newly discovered porphyry type deposit in the Lesser Xing’an
Range-Zhangguangcailing metallogenic belt. There are several periods of magmatic activity in the mine area. Zircon
U-Pb dating results show that the emplacement ages of monzonite granite, granodiorite and biotite monzonite are
177+1.9 Ma~174+1.2 Ma, 170+£1.9 Ma~169+2. 1 Ma, and 172+1.5 Ma~172+1. 4 Ma,
three types of granites are all characterized by high Si0,(64.41% ~77.77%) contents, and are enriched in large
ion lithophile elements, depleted P,0,(0.02% ~0.21%) and high field strength elements such as Nb and Ta. The
A/CNK [ molecular Al,0,/(Ca0+Na,0+K,0] values are between 0. 99 and 1. 21],
high-K calc-alkaline metaluminous-slight peraluminous type I granite. The whole rock Nb/Ta ratio (7~13) is com-

respectively. The

suggesting they belong to
parable to that of the crust. Zircon ¢Hf(t) values range from 3.9 to 18. 8, indicative of juvenile crustal origin. A
number of mafic microgranular enclaves (MMEs) are observed in these granitoids, suggesting that mantle-drived
magma was involved in the source region. Combined with the regional tectonic evolution history, we believe that the
granite in the Waxing ore field was formed in the late collision-post-collisional setting. We found that granodiorite
and biotite monzonitic granite have good spatial relationship with Cu-W and Mo-W mineralization, respectively, and
their emplacement ages are correlated with the weighted average age of molybdenite Re-Os (169. 0+2. 2 Ma;
MSWD =0.042). These support the granodiorite and biotite monzonitic granite are syn-mineral intrusion, while the
monzonite is pre-mineral pluton. Combined with zircon U-Pb chronology and Hf isotope characteristics, the biotite
monzonite granite and granodiorite may be the products of different magmatic evolution degrees at the same time,
and higher evolution degrees may be conducive to Mo enrichment in magmas. Ratios of granite (La/Yb), decrease
abruptly from pre-mineral to syn-mineral intrusions, probably indicating a transition from compression to extension,
which may be conducive to Mo formation.
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denum deposit
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Fig. 1

Schematic map of tectonic unit division in Northeast China (a, after Wu et al. , 2011) and a schematic map of magmatic

rock distribution in the Lesser Xing’an Range-Zhangguangcailing area (b, modified from Xu Wenliang et al. , 2013)
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Fig. 4 Hand specimens and microscopic ( cross-polarized light) characteristics of granitoids and mafic microgranular
enclaves (MMEs) in mining area
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a—granodiorite composed of abundant fresh biotite, feldspar and quartz; b—Dbiotite monzonitic granite, mainly composed of biotite, feldspar; ¢—mon-

zonitic granite, consisting of quartz, feldspar and a little biotite ; d—Dbiotite monzonitic granite, with early dark minerals surrounded by late giant potas-
sium feldspar phenocryst; e, f—MMEs is surrounded by granodiorite, and MMEs reverse potassic feldspar veins of the host rock, cutting through gran-
odiorite ; g—hornblende phenocryst in porphyritic granite diorite; h—Dbiotite and potassium feldspar porphyry in biotite monzonitic granite, and potassi-
um feldspar shows weak sericitization ; i—Dbiotite, feldspar and quartz and secondary biotite in monzonitic granite; j—hornblende with in serious altera-
tion porphyritic biotite monzonitic granite, which is surrounded by late giant potassium feldspar phenocryst, and potassium feldspar shows weak sericitiza-
tion; k, I—a large amount of biotite and feldspar can be seen in MMEs, along with elongated acicular apatite and blade-like biotite; Amp—hornblende;
Bt—biotite; Chl—chlorite; Kfs—potassium feldspar; Pl—plagioclase; Q—quartz; S-Bt—secondary biotite; in-Bt—interstitial biotite; Ap—apatite
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a—potassic alteration developed in granodiorite; b—K-feldspar and biotite alterations developed in biotite monzonitic granite, where biotite shows a
spherical shape; c—greisenization alteration developed in biotite monzonitic granite; d—hornblende phenocrysts were altered into biotite and then par-
tially metasomatized by chlorite ( cross-polarized light) ; e—secondary biotite spreads in veins ( cross-polarized light) ; f—greisenization alteration de-
veloped in biotite monzonitic granite ( cross-polarized light) ; g—Dbiotite monzonitic granites undergo sericite alteration and propylitic alteration to gray-
ish green; h—plagioclase phenocryst overprinted by sericite ( cross-polarized light ) ; i—biotite phenocrysts were partially transformed into chlorite

( cross-polarized light) ; Chl—chlorite; Kfs—potassium feldspar; Mus—muscovite; Pl—plagioclase; Q—quartz; Ser—sericite; S-Bt—secondary biotite
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TE 185°C A1 TNk 32 b (fFE i, JFaa 28 i T
LA HNO, %W, I35 J5 B 1 140°C ik b k17
Vs, WIS ER BT I Rh AR BOR IR T 364
ROV F SRS AL AE . B BRI A T T, SR 5
Pasma Quant MS Elite %55 B 7 i AL 317504, 1
Y43 AR WL Qi %5 (2000)
5.3 $5A Hf FH=

EEAEAT U-Ph 4RI % I, 76 AH R0 &R
LA-MC-ICP-MS 32 &5 A1 i) Lu-Hf R0 2 AR, 1%
DR TE B2 B M BR AL~ AF 52 BT ™ R Hh BR 1h 27 [
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Fig. 6 Hand specimens and microscopic characteristics of ore-bearing rocks
a—A BB INICE PIRYLRE T L ; b e— BB FARARA  SOUT T HEF Rl A0, SARNREE Aatdtg,; d e—HET
FARARRR A 20T T A8y 21 A O30, RUDLTREHAG, SUET KA A (o—WEH0 B8 ST A 20 P4
B (ESIE M) 5 h—H A0 - B - TR -3 g 3G b SR S U LT (A0 5 i—2 R IREA A%
AR5 BT BRI A (UG k— TR - S LA - SR - AT WALE RIHE) 5 1om—WEERDRIEA 0™ A B 254 (S EA
HHEUTEIR) ; Apy—RF1r; Cpy— 858" ; Chl—%RJefT; Kis—# KA Mo—WERHAT ; Mus—H ZbE; PI—RHOA; Py—BIERE™; Q—A9¢;
Ri—& 41 f1; Sch— A" ; S-Bt—k4E B =HE; Wol—RBEH"
a—disseminated chalcopyrite in granodiorite; b, c—scheelite is blue-white fluorescence under the purple lamp, and the secondary biotite, muscovite
symbiosis; d, e—scheelite under the purple lamp is yellow-white fluorescence, indicating that molybdenite is developed, and secondary potassium
feldspar symbiosis; f, g—the altered mineral assemblage of chalcopyrite, pyrite, potassium feldspar, chlorite ( cross-polarized light and reflected
light) ; h—scheelite-wolframite-chalcopyrite-pyrite symbiosis, the formation of chalcopyrite and pyrite are only observed insignificantly ( reflected
light) ; i—molybdenite as a lamellar aggregate; j—pyrite and chalcopyrite symbiosis (reflected light) ; k—the altered mineral assemblage of arsenopy-
rite, rutile, muscovite, chlorite (reflected light) ; 1, m—molybdenite and scheelite are interspersed ( reflected light and BSE image) ; Apy—arseno-
pyrite; Cpy—chalcopyrite; Chl—chlorite; Kfs—potassium feldspar; Mo—molybdenite; Mus—muscovite; Pl—plagioclase; Py—pyrite; Q—quartz;
Rt—rutile; Sch—scheelite; S-Bt—secondary biotite; Wol—wolframite



96 =

i W

A
= % Gk

i 44 3%

KR E TN R R IR 2= A8 28 7 1)
RESOlution-LR JOGEM R 458645 Nu Instruments 2>
A% Nu Plasma III MC-ICP-MS #47 525, 193 nm
PR —de Rk RE B kE,
6.0 J/cm® B & R AELE R A R m, Fih o A
EA2 0 40 wm BUSREE LA 6 Hz AY 52 MR R4 40 s
(FH24F 240 Nk . He SAE NS, ARHES
W% 3 MC-ICP-MS,, 43 A2+, 45 47 91500,
Plegovice 1 M ¥ #E, L) PENGLAI £5 4 (Li et al. ,
2010) MAREESEAT RO R ACIE . #I4G HE R0 R A
o TS S 24 L TTHE (R 0. 015, BLAS T 35
%) O HE/ T HE A7 Lo/ THE FEAE 4> A 0. 283 25
F1 0. 038 4 ( Griffin, 2000 ), Bk ki B A7 %5 7 {85 Ky
0.282 772 F10. 033 2, FAEHHCRH 1. 867x107"
(Soderlund et al. , 2004) |

6 ShngiR

6.1 %A U-Pb £

B U-Pb EFLE AT 1, PRy B
Tl KA 150~300 wm, K Fa b —MEh 1:2~1:3.
FI A 5 4 s k7 2 (8 7)), Th/U fHAL T 0.1
~1ZIE (R 1), R Oy R A IR B 4
AR N RBAB AR A VR M2 AT 1%
6.1.1 K Eiqgs

FEA MG-CK4 K H K AE K7, 20 34T i
AN AR S B Horh — 2 B T-W A AR A
174+1.2 Ma(MSWD=0.31) , 55—} 181£1.6 Ma
(MSWD=1.01, n=7; [ 7a) B #H—4 ] REAC
PRIRIG S A AR IS A AP Ph/ 20U IR 24 4 %
M 175+1.2 Ma(MSWD=0.40, n=11) , 5% 4% —
H—F AR RS AR

FEfh MG-CKS 2R B K AE X A, JE3RA 18 4
ST SR U-Ph 4RI, o 3 a3 A s 4R
W%k 189+3. 2 Ma, A] REAC R4k AR EE A1 ; 7340 6 A HT
FHA BERE T Ph/ P, R e kA T
Pb ERMES A, A 9 P A 1 T 38 m AR 177
+1.9 Ma (MSWD=0.31; [ 7b), 5*Pb/? U ML
SEIAAERS 177+1. 8 Ma(MSWD =0. 43, n=10) 34—
., FIRGERFH, KK A A KIS E R
177+1.9 Ma~174£1.2 Ma,
6.1.2 FERINKA

FEfh GD-ZK2 Fil GD-XZK10 B [ 46 5 [N K Ao
ST 2 A B A B A IR (K Te
7d) . FEdY GD-ZK2 FL43 8T 22 4, Hidr 11 A4S 50
T-W 434 169+2. 1 Ma(MSWD=1.6, & 7¢), 50

FOEH2°Ph/ U 4E#% 169+3. 3 Ma( MSWD = 0. 65,
n=17)—%, BHEBRTESNGY 13 NP A 4 AM4E
AR (P Ph/P U AR IR R T 180 Ma) , A fig Sy 4k
REEAT, 75T A EEAERAREEZ T Pb £, S
FHPh/ U AEIE T 160 Ma( &l 7c) ., XHFES GD-
XZK10 By 16 &5 A B 47 40t , Ho — 410 178 =
2.6 Ma(MSWD=0.062, n=5; & 7d), i REAC 4k
BT DA 3 AT RE & BT AT O, HCPh/ U
AR 163+1.7 Ma (B 7d) o 53— 53 & FIE
INF90% ., T4 8 ikl A BAC SAE IR 170+1. 9
Ma( MSWD = 1. 08; & 7d) , H I AC*Ph/ > U 4 #%
171£2.9 Ma(MSWD=0.57, n=8) ., L iR&5FEEMN,
AE BN S A2 LB R A 170+1.9 Ma~169+2. 1 Ma,
6.1.3 MAR—KAibkA

¥ BMG-CK6 1 BMG-CK7 K H TR =8~k
A E o FHRES BMG-CK6 LT J# 25 A & i 434 il
R, H0BR 4 TCPh/ U 8854 (> 180 Ma) 1) 4% 7K
B (Bl Te) A0S BT 22 R W B A RIS SR
16 Jid A SRS IS A AR 17241, 4 Ma( MSWD =
1.4; B 7e) , SIECEEPb/ U 4E I8 AT (172, 1+
1.5 Ma; MSWD =0.89, n=16), I b &AM {2 60
A

XFFFE & BMG-CK7, HEBR 2 7 Ph/*°U 4F %
% (>178 Ma) (4 A EE G (B 7F) F1 3 F4s % 2k
FIEE GRS (7)o B4 14 PS4 38 A5 AR i
172+ 1.5 Ma (MSWD = 3. 1; & 7f), 5k F
Y2 Ph/ P80 AEIAHIT (172+1. 0 Ma; MSWD =1. 4,
n=14), FRZEREY B KK A ARG
BHFTE A 172+1.5 Ma~172+1.4 Ma,

ZE R, —RAEK A AERIN KA RIR AR R
AR A BYAERS 2> M AE T TE 177£1.9 Ma~174%1.2 Ma
170+1.9 Ma~169+2. 1 Ma I 172+1.5 Ma~ 172+
1.4 Ma,

6.2 EAERWETEAK
6.2.1 FTHILR

PEEUH X K AE R A (2 RER) AERINK &
(23 MRS MR A8 T K AEK A (8 MR ) EAT
T, EEICRA L 2, 458 A AR ER
AR 3 A AR BRI T LUEG I T . D Sio,
=64.41%~77. 1% , ¥} 68. 97% , Horh — K AL X
A (70.45% ~ 71. 80%) M2 = £ — K 48 K &
(70.31%~77.77%) ) —SAACREE AN B, S HA
LR A4 @ K,0+Na,0="7. 02% ~ 8. 72%,
YIHE R 7. 70% , 76 (K,0 +Na,0) -Si0, F fi# (K
8a) , 4T A TEAL B N K B B ALK A X, @) K,0=
1.55%~5.37% ,¥J{6 M3.92% , & & MIRE
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Fig. 7 Concordance age diagram of Tera-Wasserburg rock mass in mining area (Tera and Wasserburg, 1972)
PR R LA R AE AR IR TR A HE R 09 23T (RS DL IE SO)

the black and dashed ellipse is the analysis excluded in the age calculation (see text for details)

K,0/Na,0 FHI{EH 1. 06,K,0-Si0, Kf#H (& 8h)
WoRFE S R AT M R A @ R AL
(A/CNK)=0.98~1.21, /R 48 B 55 1 45 R AL B
FRHE(E 8¢); & P,05 & i AR LB K (0. 02% ~
0.22%) ; ® 1E Si0, FFEE ALYy & & 56 R & fi v
(K9),si0, 5 P,0, Al,0,."Fe,0, MgO TiO, F i
AR R AT REAEAE Fe-Ti A ALY KA FIk
IKATER Y5 B 45 5 (Wu et al. , 2003a, 2003b;

Zhong et al. , 2009; A M55, 2009)
6.2.2 fhEItR

SERTRE SR L OT R R T R AT A R L
2, FEERRLIA bR AEAL AL 2C ] (B 10a) FE 46 b
AR LIk R 1] (18] 10b) i B 4B B A e
B AR, SR KB FEAJCE (Ba,Rb U,
Th .K) iM% 1 0E (LREE) , 5 #iZ %58 G % (Nb |
Ta.Ti) (& 10b) . H &M L I0E (MREE, HREE)
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K2 EMTREREEE (w,/ %) FIHEBITE (w,/10°) HiTER

Table 2 Major (w,/ %) and trace elements (w,/10™°) analysis results of igneous rocks in the Waxing deposit

5 GD-1 GD-2 GD-3 GD4 GD-5 GD-6 GD-7 GD-8 GD-9 GD-10 GD-11 GD-12 GD-13 GD-14 GD-15 GD-16 GD-17

Sio, 64.41 66.48 67.26 67.27 67.42 67.47 67.47 67.59 67.60 67.65 67.69 67.78 67.87 68.00 68.15 68.21 68.24
TiO, 0.58 0.54 0.61 0.54 0.57 0.54 0.58 0.55 0.55 0.55 0.52 0.54 0.59 0.58 0.55 0.58 0.55
AL, Oy 17.94 15.42 15.58 15.69 15.76 15.51 15.53 15.80 15.65 15.88 14.96 15.37 15.48 15.40 15.68 15.82 15.61

TFeZO3 3.21 4.24 3.70 3.21 3.39 3.35 3.61 3.41 3.25 3.21 3.48 3.32 3.19 3.54 3.06 3.36 3.31
MnO 0.07 0.05 0.06 0.05 0.05 0.05 0.05 0.06 0.06 0.04 0.05 0.06 0.05 0.06 0.07 0.05 0.06
MgO 1.21 0.93 1.10 0.94 0.94 0.81 1.06 0.92 0.92 0.79 0.94 0.8 0.92 1.01 0.80 0.95 0.87
Ca0 3.36 2.8 2.64 2.69 2.68 2.34 2.79 2.58 2.69 2.61 2.44 2.50 2.45 2.61 2.45 2.53 2.46
Na, O 5.78 3.98 4.03 4.02 3.97 3.95 3.97 4.05 4.03 4.08 3.76 3.69 4.08 3.92 3.97 4.02 4.10
K,O 1.55 3.70 3.49 3.88 3.84 3.95 3.58 3.61 3.95 3.54 3.74 3.96 3.39 3.79 3.82 3.58 3.52
P,0s 0.22 0.18 0.19 0.18 0.21 0.18 0.18 0.18 0.16 0.19 0.17 0.18 0.19 0.19 0.19 0.20 0.18

A/NK 1.60 1.46 1.50 1.45 1.47 1.44 1.49 1.49 1.43 1.50 1.46 1.48 1.49 1.46 1.47 1.51 1.48

A/CNK 1.04 0.98 1.02 1.00 1.01 1.03 1.00 1.03 0.99 1.04 1.02 1.03 1.04 1.01 1.04 1.05 1.04

Mg" 0.39 0.25 0.32 0.32 0.31 0.27 0.31 0.29 0.31 0.26 0.28 0.28 0.30 0.30 0.28 0.30 0.29
Li 34.1 33.9 22.7 20.2 12.0 16.6 18.9 19.1 17.3 18.6 20.8 14.1 27.2 25.3 25.2 22.9 22.3
Be 9.75 1.91 2.49 2.33 2.26 2.33 2.26 2.22 2.26 239 2.18 2.20 3.06 2.20 2.46 2.45 2.32
Sc 6.68 5.95 5.68 6.99 6.37 6.12 7.06 5.99 6.05 6.14 6.52 5.78 2.47 6.11 6.21 6.13 6.21
v 51.3 37.8 42.6 39.4 43.5 38.3 455 42.0 38.2 42.5 37.5 38.4 32.0 41.0 39.5 40.3 40.5
Cr 14.1 12.6 18.8 27.6 16.4 14.3 30.8 19.4 19.1 15.7 17.3 20.9 183 16.6 22.2 157 18.9
Co 4.57 4.67 5.74 5.12 5.88 4.73 5.77 5.82 4.87 4.96 549 5.50 4.72 5.24 4.74 5.60 5.32
Ni 5.39 2.35 2.60 3.30 3.21 1.53 2.94 2.92 2.15 5.63 2.62 2.24 2.59 2.14 2.87 2.22 3.18
Ga 12.1 16.0 35.8 9.9 249.0 8.4 54.3 314.0 11.7 51.0 867.0 65.5 29.7 8.9 31.1 20.4 61.6
Rb 146 157 185 185 152 180 182 192 179 168 209 193 120 142 177 186 150
Sr 616 523 580 588 563 526 596 558 541 561 580 507 569 574 522 535 552
Y 17.8 12.8 15.1 14.8 14.3 13.2 15.5 12.6 13.8 13.7 12.6 13.8 11.3 13.3 13.2 13.7 13.1
Zr 221 187 194 218 182 196 210 184 193 184 161 183 193 190 191 188 198
Nb 16.0 10.6 12.8& 11.9 11.9 11.2 12.5 10.8 11.4 11.3 10.8 11.7 1L.5 11.6 11.8 12.2 11.9
Cs 9.68 7.71 9.11 7.22 8.85 5.8 8.22 9.41 6.79 10.40 9.59 9.04 6.29 7.21 6.50 9.03 7.76
Ba 199 80! 361034 1042 914 832 829 949 815 808 1018 843 812 905 734 814
La 13.6 30.1 33.6 39.8 31.9 33.0 38.7 44.6 356 30.9 33.2 46.9 29.3 36.2 38.4 33.9 30.2
Ce 27.0 62.3 75.0 83.1 650 68.8 829 90.2 71.2 69.7 68.5 87.5 57.8 73.9 77.4 7T1.5 67.2
Pr 3.53 6.66 7.64 8.07 7.29 7.18 8.04 8.22 7.72 6.76 6.99 8.84 6.67 7.84 8.19 7.33 6.52
Nd 15.9 26.0 30.4 31.8 28.7 27.5 32.8 31.0 29.5 26.7 26.6 33.6 26.3 28.8 30.6 28.6 25.5
Sm 4.18 4.57 5.23 5.16 5.02 4.44 5.46 4.90 4.86 4.58 4.46 5.18 4.66 4.96 4.80 4.76 4.54
Eu .31 1.13 1.20 1.19 1.27 1.14 1.21 1.11 1.14 1.13 1.02 1.15 1.11 1.10 1.17 1.15 1.12
Gd 3.72 3.60 4.13 4.04 3.84 3.49 4.23 3.42 3.70 3.50 3.28 3.87 3.37 3.59 3.64 3.66 3.42
Th 0.54 0.48 0.56 0.54 0.53 0.48 0.57 0.47 0.51 0.47 0.45 0.53 0.44 0.51 0.50 0.49 0.46
Dy 2.94 2,23 2.61 2.51 2.59 2.28 271 2.23 2.38 241 2.16 2.35 2.08 2.41 2.35 230 2.26
Ho 0.57 0.39 0.46 0.45 0.47 0.40 0.47 0.38 0.41 0.42 0.38 0.42 0.38 0.44 0.41 0.41 0.40
Er 1.54 1.001 1.21 1.18 1.24 1.07 1.23 1.01 1.11 1.11 1.01 1.12 0.98 1.16 1.12 1.07 1.06
Tm 0.23 0.15 0.18 0.17 0.18 0.16 0.18 0.15 0.17 0.17 0.15 0.16 0.14 0.17 0.16 0.15 0.16
Yb 1.49 0.98 1.20 1.16 1.23 1.09 1.22 1.02 1.10 1.09 1.03 1.07 0.93 1.15 1.08 1.03 1.04
Lu 0.22 0.15 0.18 0.17 0.18 0.16 0.18 0.15 0.17 0.16 0.15 0.16 0.14 0.17 0.16 0.15 0.15
Hf 5.43 4.33 4.61 5.24 4.73 4.56 5.05 4.46 4.70 4.46 4.05 4.48 4.90 4.84 4.56 4.46 4.72
Ta 1.23 0.98 1.50 1.24 1.28 1.14 1.21 1.08 1.22 1.20 1.13 1.23 1.04 1.29 1.22 1.27 1.21
Th 10.5 14.1 14.7 14.1 14.2 14.2 13.4 14.0 16.8 15.6 13.2 151 9.3 13.3 153 13.3 14.8

U 4.43 3.55 6.49 5.92 5.14 4.81 4.43 4.41 536 5.19 576 4.89 4.04 4.82 501 4.47 4.17

> REE 312 473 546 590 514 506 594 608 537 495 497 635 460 544 565 521 479
LREE 223 404 465 511 434 435 510 540 462 422 429 560 394 469 492 449 409
HREE 89.8 69.2 81.7 79.2 80.0 71.2 83.7 68.6 74.5 72.6 67.2 75.4 654 75.2 73.3 71.8 69.6
LREE/HREE 2.48 5.84 5.69 6.45 5.42 6.11 6.10 7.8 6.21 5.82 6.38 7.42 6.03 6.24 6.71 6.26 5.88
S6Eu 1.02 0.8 0.79 0.80 0.8 0.8 0.77 0.8 0.82 0.8 0.8 0.79 0.86 0.80 0.8 0.8 0.87
(La/Yb)y  6.55 22.12 20.08 24.61 18.60 21.72 22.75 31.36 23.21 20.33 23.12 31.44 22.55 22.58 25.50 23.61 20.83
(La/Sm)y  2.10 4.25 4.15 4.98 4.10 4.80 4.58 5.88 4.73 4.36 4.81 5.85 4.06 4.71 5.16 4.60 4.29
(Gd’Yb)y 2.07 3.05 2.85 2.88 2.58 2.65 2.87 2.77 2.78 2.66 2.63 2.99 2.99 2.58 2.79 2.94 2.72
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Continued Table 2-1

5 GD-18 GD-19 GD-20 GD-21 GD-22 GD-23 BMG-1 BMG-2 BMG-3 BMG-4 BMG-5 BMG-6 BMG-7 BMG-8 MG-1 MG-2 MMEs

0.54 0.56 0.56 0.40 0.39 0.53 0.43 0.30 0.26 0.54 0.09 0.41 0.42 0.35 0.45 0.25 1.03
Al, 0,4 15.82 15.82 15.24 15.53 15.56 15.90 14.82 14.64 14.41 13.72 11.56 15.26 15.19 14.42 15.14 14.19 17.03
TF8203 3.26 3.13 3.54 3.19 2.53 4.55 2.83 2.01 1.80 2.52

K
Sio, 68.41 68.51 68.78 69.10 69.70 66.27 70.31 71.82 72.14 72.27 77.77 70.57 70.57 71.04 70.45 71.80 57.39
TiO,

1.48 2.23 2.41 2.67 2.79 1.92 7.24
MnO 0.05 0.04 0.06 0.11 0.09 0.07 0.04 0.03 0.03 0.05 0.02 0.04 0.04 0.04 0.04 0.03 0.14
MgO 0.94 0.90 0.94 0.70 0.61 1.59 0.67 0.41 0.35 0.78 0.16 0.58 0.58 0.64 0.63 0.33 2.72
CaO 2.63 2.49 2.33 1.21 1.56 3.04 1.84 1.32 1.38 1.62 0.73 1.38 1.68 1.60 2.15 1.40 3.32
Na, O 4.00 3.68 3.67 2.89 3.57 4.00 3.64 3.66 3.57 3.22 2.80 3.19 3.39 3.71 3.76 3.55 3.53
K,O0 3.42 3.75 4.01 5.37 4.51 2.70 4.10 5.05 5.15 3.80 4.75 4.91 4.41 4.04 3.90 4.95 4.65
P,0s 0.19 0.18 0.18 0.16 0.17 0.17 0.15 0.08 0.07 0.19 0.02 0.11 0.10 0.13 0.14 0.07 0.29
A/NK 1.54 1.56 1.47 1.47 1.45 1.67 1.42 1.27 1.26 1.46 1.18 1.44 1.47 1.37 1.45 1.27 1.22
A/CNK 1.05 1.08 1.04 1.21 1.14 1.06 1.07 1.05 1.03 1.11 1.04 1.17 1.13 1.08 1.06 1.03 1.18
Mg* 0.31 0.31 0.28 0.24 0.25 0.53 0.29 0.21 0.20 0.40 0.14 0.30 0.27 0.26 0.27 0.20 0.47
Li 15.0 18.4 21.8 66.2 57.0 53.7 28.7 21.1 18.2 30.8 21.7 39.6 36.4 24.4 50.7 37.2 93.1
Be 2.32 2,06 2.30 4.13 2.8 2.46 2.74 3.34 3.72 3.35 2.49 2.10 2.18 3.07 4.58 3.42 3.16
Se 6.28 5.90 5.70 6.03 5.47 13.40 5.52 5.43 4.84 5.78 3.65 5.72 5.51 557 5.36 4.88 18.3
v 43.2 41.0 37.7 21.6 19.7 47.6 27.5 13.4 10.8 37.4 5.8 28.0 26.6 255 24.7 11.2 126
Cr 23.1 17.2 19.1 9.2 85 24.4 157 17.7 21.1 16.4 17.9 13.4 152 16.9 11.7 12.3 51.7
Co 5.30 3.8 5.05 2.36 2.55 835 3.39 2.60 2.20 3.07 1.19 1.43 2.43 3.36 3.66 2.19 16
Ni 3.41 236 1.99 1.07 0.53 4.00 1.8 1.25 0.73 1.70 0.31 1.74 1.33 1.07 1.29 0.37 9.69
Ga 23.5 471.0 610.0 184.0 123.0 6.8 44.4 5.26 8.76 35.60 1.66 115.00 66.90 21.30 5.48 3.79 24.4
Rb 158 153 165 289 216 144 163 209 233 207 177 198 178 197 211 227 231
Sr 562 513 505 632 656 510 420 322 284 411 107 386 408 359 389 239 371
Y 13.1 13.2 12.4 10.3 9.5 194 12.1 7.26 6.81 12.80 11.80 15.80 13.40 14.50 12.00 7.61 37.8
Zr 179 177 170 195 189 183 176 192 189 183 90 184 166 145 177 177 219
Nb 11.2 11.2 11.2 9.2 9.1 10.1 12.8 14.7 14.6 11.8 6.8 11.2 11.9 11.8 15.7 14.4 20.4
Cs 7.05 8.23 8.22 5.56 3.94 8.75 5.79 7.50 6.67 9.79 7.65 6.63 7.64 9.98 13.60 8.47 12.6
Ba 715 738 907 1493 1363 645 806 844 731 643 349 1227 1037 562 624 691 1228
La 34.7 33.6 25.2 38.5 36.8 39.8 30.5 55.7 56.6 38.0 14.4 32.0 31.2 30.4 40.1 57.2 27.2
Ce 75.0 67.6 50.4 84.7 79.1 76.0 57.8 101 104 82 24 70 64 64 78 103 63.1
Pr 7.09 7.81 5.83 7.8 7.56 8.08 6.78 10.3 10.5 8.8 2.9 7.5 7.0 6.3 8.8 11.0 8.24
Nd 26.9 30.4 22.6 30.1 28.6 31.1 24.9 36.9 36.5 33.5 10.1 29.3 26.2 23.2 31.9 38.9 35.1
Sm 4.56 5.13 4.27 4.75 4.36 5.35 4.51 5.81 570 5.70 1.87 5.19 4.29 3.99 5.76 6.05 7.69
Eu 1.07 1.17 1.06 1.12 1.08 1.28 0.94 0.79 0.74 1.04 0.33 1.16 1.09 0.79 0.8 0.78 1.21
Gd 3.30 3.81 3.22 3.05 2.81 4.46 3.26 3.57 3.68 3.95 1.63 4.27 3.23 3.08 3.98 3.70 6.91
Th 0.46 0.53 0.45 0.40 0.383 0.67 0.45 0.42 0.41 0.54 0.27 0.61 0.46 0.45 0.51 0.45 1.12
Dy 2.29 2.46 2.21 1.8 1.74 3.46 2.17 1.59 1.52 2.45 1.65 3.00 2.22 2.37 2.35 1.66 6.49
Ho 0.40 0.44 0.41 0.33 0.29 0.68 0.40 0.25 0.24 0.43 0.35 0.55 0.41 0.43 0.38 0.27 1.34
Er 1.07 1.13 1.09 0.87 0.75 1.91 1.04 0.61 0.55 1.11 1.04 1.44 1.12 1.16 0.97 0.61 3.71
Tm 0.16 0.16 0.16 0.13 0.11 0.29 0.15 0.08 0.07 0.16 0.17 0.21 0.17 0.17 0.14 0.08 0.55
Yb 1.06 1.05 1.08 0.8 0.68 1.97 1.02 0.51 0.47 1.05 1.17 1.35 1.12 1.17 0.88 0.53 3.67
Lu 0.16 0.16 0.16 0.13 0.09 0.30 0.15 0.07 0.07 0.15 0.18 0.19 0.16 0.18 0.12 0.08 0.54
Hf 4.54 4.42 4.39 4.59 4.42 4.82 4.68 5.17 531 4.59 2.94 4.67 4.41 3.99 4.96 5.08 5.66
Ta 1.20 1.07 1.23 0.8 0.76 1.10 1.29 1.61 1.69 1.13 1.21 1.11 1.21 1.34 2.24 1.65 2.25
Th 16.7 11.3 13.8 7.7 7.3 17.9 15.9 27.6 29.7 12.1 20.9 11.6 12.8 19.1 18.1 29.6 9.40
U 5.31 3.98 5.16 2.35 2.28 1.71 4.80 6.10 6.83 4.84 2.14 5.76 6.46 8.96 2.87 3.48 2.62

> REE 519 529 414 557 525 464 461 691 698 588 225 536 482 460 581 716 650

> LREE 449 453 345 498 472 379 394 639 648 513 170 445 412 389 511 662 451

> HREE 69.6 75.7 69.2 58.8 52.2 84.5 67.5 52.0 50.5 75.7 54.6 91.0 70.2 71.7 70.1 54.2 200

SIREE/ YHRFE 6.46 5.99 4.98 8.47 9.05 4.49 5.83 12.3 12.8 6.8 3.1 4.9 5.9 5.4 7.3 12.2 2.3

SEu 0.84 0.81 0.87 0.90 0.94 0.80 0.75 0.53 0.50 0.67 0.58 0.75 0.90 0.69 0.57 0.50 0.51

(Las’Yb)y 23.5 23.0 16.7 32.3 389 154 21.4 78.0 86.6 26.0 8.8 17.0 20.0 18.6 32.8 77.0 5.32

(La/’Sm)y 4.91 4.23 3.81 5.23 5.45 4.91 4.37 6.19 6.41 4.30 4.97 3.98 4.70 4.92 4.49 6.10 2.28

(Gd/Yb)y 2.58 3.00 2.47 2.95 3.43 2.01 2.64 577 6.49 3.11 1.15 2.62 2.39 2.18 3.75 5.74 1.56
T TFe, 05 TR &8k Mg® = 100xMg™ /(Mg +Fe ) ; Eu=Euy/ (Smy+Gdy) "?; HAEH A TR N BERRBLA bR AR EARAES] A Sun

and McDonough, 1989 ; & FfVRIIE ST AR oy 25 bR be 2k it TR T80 43 LU |
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Fig. 8 TAS lithology discrimination diagram (a, after Middlemost, 1994) , identification diagram of K,0-SiO, magma series
(b, after Rollinson, 1993) and A/NK-A/CNK identification diagram of mining rock mass (¢, after Maniar and Piccoli, 1989)
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K3 EXMTRXERERED Lu-Hf QUESRER
Table 3 Results of Lu-Hf isotope analysis of zircon from igneous rocks in the Waxing deposit
pFEeES t/Ma  7°Yb/'7HE "SLo/7HE OHEKTTHE 20 eHf(0) eHf(¢)  tpu/Ma  topy/Ma from
TERINIE (GD)
GD-ZK2-3 168 0.028 778  0.000 975 0.283 049 0.0000120 9.78 13.4 288 359 0. 001 337
GD-ZK2-6 172 0.019 485 0. 000 633 0.282925 0.0000099 5.39 9.11 460 635 0. 000 911
GD-ZK2-7 177 0.037 956 0.001 113 0.283 129 0.0000100 12.6 16.4 173 171 0.001 639
GD-ZK2-9 169 0.028 441 0.000 886  0.283 032 0.0000100 9.21 12.8 310 394 0. 001 283
GD-ZK2-11 173 0.034 075 0.001 010 0.283 050 0.0000089 9.84 13.5 285 352 0.001 354
GD-ZK2-16 167 0.020 739  0.000 604  0.282964 0.0000094 6.80 10. 4 403 549 0.001 039
GD-ZK2-17 170 0. 035 994 0.001 007 0.283 093 0.0000110 11.3 15.0 225 257 0.001 497
GD-ZK2-18 173 0.026 139  0.000 749  0.282943 0.000 008 9  6.06 9.78 435 593 0. 000 978
GD-ZK2-20 172 0.048 211 0.001 509 0.283 183 0.000 0100 14.5 18.1 97.6 54.5 0.001 814
GD-ZK2-21 172 0.023 503 0.000 732 0.282960 0.0000092 6.63 10.3 411 557 0.001 033
GD-ZK2-24 163 0.043 063 0.001 289 0.283 117 0.000 0130 12.2 15.7 192 208 0.001 565
GD-ZK2-25 163 0.031 422 0.000932  0.283 013 0.0000120 8.53 12.0 337 442 0.001 202
GD-XZK10-4 172 0.018 769 0. 000 576 0.282 882 0.0000110 3.90 3.90 518 835 0. 000 390
GD-XZK10-6 175 0. 034 366 0. 000 986 0.283 007 0.000 011 0 8.30 12.0 347 450 0.001 203
GD-XZK10-7 169 0.037 621 0.001 281 0.283 039 0.0000110 9.44 13.0 304 382 0.001 302
GD-XZK10-9 167 0.036 330 0.001 163 0.283 051 0.000 0120  9.86 13.4 286 356 0.001 341
GD-XZK10-11 170 0. 045 098 0.001 423 0.283 009 0.000 0140  8.37 11.9 349 452 0.001 195
GD-XZK10-12 168 0. 041 340 0.001 355 0.283 070 0.000 0120 10.5 14.1 260 314 0.001 407
GD-XZK10-13 177 0. 045 049 0.001 412 0.283 063 0.0000110 10.3 14.0 270 324 0.001 402
GD-XZK10-17 172 0.026 516 0. 000 764 0.282915 0.0000099 5.06 8.76 474 657 0. 000 876
ZRAERA (MG)
MG-CK4-1 174 0. 026 935 0. 000 888 0.282 997 0.000 013 7.95 11.7 360 473 0.001 167
MG-CK4-6 175 0. 036 052 0.001 053 0. 283 080 0.000 011 10.9 14.6 244 284 0.001 461
MG-CK4-7 173 0.043 203 0.001 141 0.283 156 0.000 014 13.6 17.2 136 113 0.001 725
MG-CK4-8 174 0.035 168 0.001 044 0.283 103 0.000 010 11.7 15.4 211 233 0.001 539
MG-CK4-9 173 0. 045 881 0.001 197 0.283 164 0. 000 023 13.9 17.5 124 94.5 0.001 753
MG-CK4-10 174 0.026 833 0.000 717 0.283 015 0.000 011 8.59 12.3 333 430 0.001 233
MG-CK4-13 177 0.051 362 0.001 461 0.283 189 0.000 016 14.8 18.5 88.1 36.5 0.001 848
MG-CK4-16 175 0.028 811 0. 000 881 0. 283 002 0. 000 009 8. 14 11.9 352 460 0.001 188
MG-CK4-18 175 0.015 038 0. 000 420 0.282 941 0. 000 009 5.98 9.79 434 594 0. 000 979
MG-CK4-19 176 0.013 717 0. 000 397 0.282 879 0. 000 009 3.77 7.60 521 735 0. 000 760
MG-CK4-20 176 0.013 263 0. 000 390 0. 282 897 0. 000 008 4.42 8.24 495 694 0. 000 824
MG-CK5-2 193 0. 026 204 0. 000 843 0.282 896 0. 000 009 4.39 8.52 502 689 0. 000 852
MG-CKS5-3 186 0. 038 490 0.001 141 0. 283 089 0.000 014 11.2 15.2 230 254 0.001 517
MG-CKS5-4 179 0.015 755 0. 000 462 0.282 858 0.000 010 3.03 6.90 551 781 0. 000 690
MG-CKS5-5 175 0.021 680 0.000 611 0.282 922 0. 000 008 5.29 9.07 464 640 0. 000 907
MG-CKS5-7 176 0.016 576 0.000 483 0.282862  0.000 011 3.19 7.00 545 773 0. 000 700
MG-CKS5-14 181 0.028 750  0.000 843 0.282 958 0. 000 009 6.58 10.5 415 556 0. 001 046
MG-CKS5-15 175 0.017 127 0. 000 468 0.282 871 0.000 010 3.49 7.28 533 754 0.000 728
MG-CKS5-16 177 0. 050 462 0.001 407 0.283 183 0.000 010 14.5 18.3 96.3 49.6 0.001 827
MG-CKS5-17 179 0.013 354 0. 000 376 0.282 878 0.000 010 3.73 7.62 522 736 0. 000 762
MG-CKS5-18 188 0.026 119 0. 000 737 0.282 896 0.000 014 4.37 8.41 502 692 0. 000 841
MG-CK5-19 176 0. 033 600 0.001 026 0.283 028 0. 000 009 9.04 12.8 318 402 0.001 300
MG-CK5-20 177 0.029 535 0. 000 837 0.283 014 0.000 011 8.55 12.3 336 432 0.001 200
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Continued Table 3
IFEWES t/Ma  "Syb/'THE oLw/"HE OHE/'TTHE 20 gHI(0) eHI(r)  tpn/Ma  ypy/Ma  fim
BB RKAERA (BMG)
BMG-CK6-1 173 0.021 690 0. 000 689 0.282 941 0. 000 009 5.98 9.75 437 598 0. 000 970
BMG-CK6-2 174 0. 027 490 0. 000 884 0.282 971 0. 000 010 7.05 10. 8 396 530 0. 001 077
BMG-CK6-5 175 0. 032 589 0. 000 919 0.283 036 0. 000 009 9.33 13.1 305 384 0. 001 306
BMG-CK6-6 170 0. 022 742 0. 000 693 0.282 970 0. 000 010 7.00 10. 6 397 535 0. 001 065
BMG-CK6-7 168 0. 044 684 0.001 215 0.283 158 0. 000 009 13.6 17.2 133 112 0. 001 720
BMG-CK6-8 170 0. 050 055 0. 001 422 0.283 203 0. 000 010 15.2 18.8 68.5 9.35 0. 001 882
BMG-CK6-9 173 0. 028 724 0. 000 844 0.283 031 0.000 011 9.17 12.9 311 394 0. 001 288
BMG-CK6-18 168 0.028 323 0. 000 888 0.283 029 0.000 010 9.10 12.7 314 402 0.001 269
BMG-CK6-19 179 0.022 274 0. 000 687 0.282 982 0.000 011 7.44 11.3 379 501 0.001 129
BMG-CK6-20 172 0.020 917 0. 000 634 0.282 961 0.000 013 6.69 10. 4 408 553 0. 001 039
BMG-CK6-21 176 0. 026 156 0. 000 782 0.283 005 0.000 011 8.24 12.0 348 452 0. 001 201
BMG-CK6-22 179 0. 027 832 0. 000 870 0.283 033 0. 000 009 9.22 13.0 309 388 0. 001 304
BMG-CK6-23 170 0.019 832 0. 000 640 0. 282 947 0.000 010 6.19 9. 86 428 586 0. 000 986
BMG-CK7-2 170 0.032 918 0. 000 965 0. 283 040 0.000 014 9.46 13.1 300 378 0.001 309
BMG-CK7-4 171 0.053 348 0.001 562 0.283 197 0.000 012 15.0 18.6 76.6 22.5 0.001 862
BMG-CK7-7 173 0.029 957 0. 000 898 0.282 979 0. 000 008 7.33 11.0 385 513 0.001 103
BMG-CK7-8 174 0. 050 735 0.001 474 0.283 170 0.000 010 14. 1 17.7 116 83 0.001 772
BMG-CK7-9 171 0.015 446 0. 000 452 0.282 864 0.000 012 3.26 6.97 542 771 0. 000 697
BMG-CK7-11 172 0.032 193 0. 000 943 0.282 990 0. 000 010 7.71 11.4 371 489 0. 001 139
BMG-CK7-12 171 0. 054 023 0.001 618 0.283 [44 0.000 011 13.2 16.7 154 144 0.001 675
BMG-CK7-13 173 0.033 222 0. 000 989 0.282 968 0. 000 012 6.92 10.6 403 539 0.001 062
BMG-CK7-14 171 0.036 177 0.001 054 0.283 024 0. 000 009 8.90 12.6 323 414 0.001 255
BMG-CK7-16 173 0. 060 804 0. 001 564 0.283 191 0. 000 021 14.8 18.4 86.3 36.6 0. 001 842
BMG-CK7-17 176 0.036 176 0. 001 005 0.283 026 0. 000 010 8.97 12.7 320 407 0. 001 271
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Fig. 11 Classification diagrams for Zr—10 000 Ga/Al (a) and Nb—10 000 Ga/Al (b, after Whalen et al. , 1987)
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RICEA ,H A/CNK SEKTF 1. 1(Sylvester, 1998),
H5Z M, HXE R AEZE A/CNK=0.98~1.21, )8 T
HERR -39 1 R BUA A (] 8e) , WS (i ) 2y 1R
“EERMAINA, B AF T S BAE K A YRR,
Harker Efi#tH,Si0, 5 P,0, AL ZR (K 9a) ,
HA 1 RIFE KA FHIE (Chappell, 1999) , [R] B 7E L BE
ARAE A N A R B K AR 5 A R 2 D0 A
AN BER (K 4g.4)) 28 b a AR R ER 1L 2
F14) G [R] ARRAE 35) 3 3 2 b IX A O o 4 5 28 55 3 45
JE IR T RIAE B
7.1.2 SrEsgh it i

Bl Si0, i rBe N, o X ALK A T MO, Fe, 0, |
ALO, TiO, FIP,0; & ¥ Rtk TR, R AL
FEREATRE S W AT Y (WA N ) Fe-Ti &4k
Wy KA R A B 5 B 4 AR A (W et al.

10000
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w{Ba)/10°0

100

EwEu"

2003a, 2003b; Zhong et al., 2009; K 35 A 45,
2009) ., Nb.Ta Ti 5 HEHINNE S Ti Mo B4
A R CBRERE AR5 ) o B KA 4 B 45 A T RE
P SR, K MgO & (0. 16% ~1.21%) 5 &5 4%k
WY (VA SRINAD) B g i —3, ARt
i, Ba Sr ) Eu 197 #1UH #OA R S KA MRHE
A3 B 45 AR A G (Arth, 1976) . 7E Ba-Euw/
Eu” #15 Sr-Ew/Eu” BICREI(E 12) 4, Ba i 75
FEZ TR A B4 B 45, T S 2 5 AR )
HAORBH A B 45 A G, AN AHER T AE R N
K&K (EwEu® =0. 77 ~ 1.02), = K4 K &
(Eu/Eu” =0.50~0.57) fl2A =8 KA KA Fu it
S (Euw/Eu” =0.50~0.90) Fl Sr 5% B oy i 3%
(B 12), BRI RKALR 5B 2 B K AR X
AR A R A R i 2 AR T

1000

b

w(Sr)/107°
=
o
T
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0.1 ] I
EwEu

K12 HEX%AEK Ba-Euw/Ea”* (a) il Sr=Eu/ Eu™ (b) Elfi#
Fig. 12 Ba-Ew/Eu"(a) and Sr-Eu/ Eu” (b) diagrams of the Waxing pluton
B ERBEI A Arth(1976) ; LA SR BURARAIRE & (CD-2) RERIFIR A0, 25 i o0 S AR B B Sk Oy il i 38 I

the mineral fractionation vectors, calculated using partition coefficients derive from Arth (1976) , the sample with the lowest DI ( GD-2)

is supposed to be parent melt; the degree of differentiation of magma increases graduglly with the direction of the arrow

7.1.3  AIVRXFFE

— IR, A 5 2 b ) TS 43 s il 7 7
(Wu et al. , 2003b) , X K ALK A ALK A
KA AR DB TR ALK A A E R0 TR DR
P Z LR, 32 B = T g ELAT AH R A U8 XA T
X, MAh, =58 Nb Ta Ti 553 ITHR ,Nb/Ta
(7.6~13) 2l THL5% ( Nb/Ta=11~12; Sun and
McDonough, 1989) , {HAZALIX [ 45 K, b 7 5 X AT g
PLSE N EARAEAE D B JE ) BN A (Rudnick and
Fountain, 1995; & 13b) .

HIABFTE R TEAE B A CE R R v i IR 5T
A REAAAE LR PR 24507 20 58 — PO A ¢ T
T PG AR b 58 IS, A ol 3 1l 7 2B 8 43 s il 1k
KIEFAHK, TR a5 K ARG B g
BRI 5B Mo IR E K E e kAR R ARAE T 7E
FENR A T O R A= i 7e 78 Ja R R R
T, B A e S A R o3 (A AR S, 2008)
FEXSABIE TS AL 1 5 0, HE [0 2R B B U4
W AR HOHE R 28 4L 7% A 4588 Ll R B
A eHE (o) (E TSR (Yang et al. , 20065 K] 13a) .
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>k H: Zhou et al. , 2013; Hu et al. , 2014a; Zhou et al. , 2016; Zhang et al. , 2017b; Zheng and Yu, 2017; Zeng et al. , 2018;
Nie et al. , 2019; Xing et al. , 2020) F#" X #4& Nb/Ta-Si0, Ef# (b, #& Sun and McDonough, 1989)

Fig. 13 Diagram of eHf(¢) —zircon age (a, after Yang et al. , 2006; northest molybdenum deposits data collected in Zhou et al. ,
2013; Hu et al. , 2014a; Zhou et al. , 2016; Zhang et al. , 2017b; Zheng and Yu, 2017; Zeng et al. , 2018; Nie et al. , 2019;
Xing et al. , 2020) and Nb/Ta-8i0, diagram (b, after Sun and McDonough, 1989) of Mesozoic intrusions of Mo deposits

in Lesser Xing’an Range-Zhangguangcailing area

PR R ™ DX A B 2 A R X R T BB D) T 58
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7.2 RERKRSKHAEES

X KAbigs ALK NK A B A KR
R B A U-Pb EAESE R0 1771, 9 Ma~
174£1.2 Ma 170+1. 9 Ma~169+2. 1 Ma I 172+
1.5 Ma~172+1.4 Ma, Z5& 5588 b3t A4 (9 #E4H
" Re-Os & AFE45 R (A 4404 . 169. 0£2. 2 Ma,
MSWD=0.042; n=5;/E#& & K& L5 ) FETSCH W
AAAR S AR - R 25 RIOC R B H I X AL K
N BB DB R ALK 5 35 Cu-W #7716 Mo-
WA 5, BIVG B3 R i A 1R i K AE A
R DL BH S P AR - A R | ELIE B AR R A
WA, T R

XS /N4 W — K )™ A U, DX A 325 i £ g s
FFETIRAWSE . Dong 4 (2019) i i XHEA KT 5
AN BCHb A5 s 2 Ak 8 57 114 o DR A 728 o R 4 41
A U-Pb AR Bt PR TR A P A AR B s 1 vh
PRI (177 ~172 Ma) , %G BFCS 2L HLIX fE
B3 I 80 A I Sms L 7R J5 & ] eI T
FEPHT A 2 J5 0 Bl 8 - 5 Rl Y o, 7R Y
SR E A (B 14) | EE 4R 3R A R St R R
FE Bl B - B S AR A TN A e A

Rb/30
0 1.00

0. 00
1.00 3Ta
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B4 EXTRAEN A RN E MR BB K AL
o RE) i BRI N R At (B Harris e al. , 1986)

Fig. 14 Diagram of tectonic environment discrimination of

the monzonite, granodiorite and biotite monzonite of the

Waxing area (after Harris et al. , 1986)
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TCER Y LU R AR B LA Al S T8 53 1 45 i W) 2
PE AR A 780 M 5¢ J5 52 o 5 38 46 1 7 ( Chi-
aradia, 2014, 2015, 2021; Chapman et al. , 2015;
Dhuime et al. , 2015; DePaolo et al. , 2019; Balica
et al. , 2020; Hu et al. , 2020; Sundell et al. , 2021;
Loucks, 2021; Luffi and Ducea, 2022; Ouyang and
Caulfield, 2023; Huang et al. , 2023) , ¥ 2%0" X {6
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Fig. 15 Sr/Y-MgO(a) and (La/Yb) (—MgO(b) discrimination diagram of the monzonitic granite, granodiorite and biotite

monzonitic granite from Waxing area
JRAA S MgO=St/ Y =D (4K = B ) F1 MgO—( La/ Yb) =D CHfEK i B2 ) BERUGE 2 S 85dl [ HEBR St/ Y>50, (La/Yb) (<8 J2(La/Yb) (>40
AR 5 ; Luffi and Ducea, 2022; T4, 2023]
the gray points MgO—Sr/Y-D(altitude) and MgO-(La/Ybh) y—D(altitude) model are not statistical data [ excluding Sr/Y>50, (La/Ybh) <8 and

(La/Yb) y>40; Luffi and Ducea, 2022; Wang Nan, 2023 ]

s EF (1 12) S8

L5 b HE% Mo 24 R0 TR A R iA1= nT
BB« FEAEA T IR BBk B il 43 5 i () ilf 428 )5 e e
MRS 50T M IRE I LIS B 72 I, S 80
WY T A H5E e A A s RO IR A /D e i IR A
WORAEHR LRIFAT— 2 RIE 5 A
HEXH XA A2,
7.3 X Mo H AFEBMIETENX

ARACHBIX FEOR B 20 — W40 e A KR B 25 -1y
R Mo U 1R (H G TZ L KR AP E— 1 &
£ Mo WA IRIRIX , — HAFERCR AN, s i
7N RAEHLIX S Mo BB FHOC R R MR A B AE
B 5z 1Y Sr-Nd-Hf [F 7 3 41k, B F 3R [l 36 240 A
S AR I Io A et X — LG R BIAR A b X
KIUE Mo B 18 FH - AR BLRAFE— 5 Mo B4
BRI, A 3K BE T LU R Tl & T Hbse,

AVR TR AR 1 T Hh 5T, 3 AT RE AR IR T8 IR A IR 5ot
AR A (Shu and Chiaradia, 2021) , AN
DLUBIX (AR 4 A R R T B B A HE R R A
B 13a) , AT BB IR T8 AE N Mo B il (3
[T B T KA 0] LAY Mo W4k, X —4FAF AT A
WEFE SR L 1 BT BRI | 2R B e R DA 2 4 i R
JCHBIX KA Mo B 1E R EZ N E

AHHFGE AT AR 5 TN G AR = B K AR
B AL Ca Mo W4k &, 3 85 A U-Pb 4RSS
R HE [ 2 A AL (B 75 Bl 13a) , HoAR U
WA Y 28 4 OC &R (R e VI AE 5 A M T ) A B,
2020%) , HLAh, &5 4 A2 A Ba—Eu/Eu” Fil Sr—Eu/
Eu” FI5IEfE (B 4d B 12) , BB K ALK &
KRB AT & SO Y (AN,
Bl WAL RKINK S, - WA &8 L A% K
Ao 3, F B AR b N A B S 1 4 5

O Fp LA I BN A B, 2020, BpiTAg O E BN -EG0 K 2 4w S A s CRATTR ).
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TR, 25 b 2B H A 3 T e 2 ) HH A 2RO ) 3
WY, 48 Mo H T HIRAAZ M A il
] T7E 15 43 57 45 2K 2 ¥ & % (Candela and Hol-
land, 1986; Carten et al. , 1993) , Wy LTk, B =
BEZRKAERK A T Mo 7 AL AT HEJZ Mo 754 3K iy
FEEEMER, M2 T, 0 X ZRKIAEXA ST
ESR B TR ALK AT (E12)  (HH R I
Mo A4k, M9 2 Al 2 AR AE , K AE B A TP B = /A A
AT (Kl de 4i)  RUIHATREIE T — 30K K
XA EEZ M T H Mo WAL B 1, ko3 #r 3R
A A R B T RS20 Mo LA™ 1 G A 2
Z—

HMT X Mo Wk FE IR =8 K ALK
o, Cu AR I A th AE A8 5 N A v AR T R
HI KA A, B I A R s B K
AT (LasYb)  (HAEAE B R, R AR IEX
MY TIW/N A5G SO B T /NS08 =K ) A1 b
X PR A % He A i B 4 i ) 3 20 g 21 st 4T
T BAAE 5 A AT REZE DT T R A AR, (25 5K
KA T KRB TR, NI B T 1E24 07 LY
Mo B4k, ZEF A AP BE i~ JRe e 46 (1) 75 554 7] g
JEEEMA X Mo # Ak o iy SR I IR &= . TE
Shu % (2016) 1 Ouyang 5°(2023) #& !, AL b X
AR IR 1) Mo & 4k Rl B8 5[] B 10 32 DX S5 s —
fofy Jo A 38 1) ) T S AT G, BRI R oA R T
RIS 2R 5 I BRI 2 1 e A B i Ak, Bt e
R AR - 3500 F T BN ) 125 2R It AR 1 A
YN Mo WA,

(1) B54 U-Ph 5@ 445 R R WL AL B 2
BCE AR R R A A R R AR -1 R s
6] 3¢ R M, Cu-W B 4L F Mo-W B4k 435315 48 54 IA
KAMB AR KBRS H K,

(2) HEMAERA R TR St | 40 - 55
IHERITG T RUAE R A, 5 BRI 1 R R 4L R I
UG X AT BE R B A Hhoe, AR A, 454
DX I s YAk 7 s, A R FL AT BB W T 4 PR A
A 22 O R lE 98 — i R T

(3) W IXAER 7 (La/Yb) B 808 R 18 8-
0 S FRAIG, 5 DX s T 3 B R — o ) G 4 A
W) Er . HIBT T S R RS KA A 3K B 1 TE
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