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The Ore-bearing Potential and Oxygen Fugacity of the Yanshanian
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Abstract; Two intense tectonic-magmatic activities during the Yanshanian have been identified in the
adjacent area of Zhejiang, Jiangxi, and Anhui provinces (the WZG region). Correspondingly, there are
two entirely different kinds of granites. The early Yanshanian granites are composed of granodiorite, and
the rock is nearly neutral, enriched in Au, Ag, Cu, Mo, and Ni elements. The late Yanshanian granites
are composed of granite porphyry, and the rock is acidic, depleted in these metallogenic elements.
Therefore, the Cu, Au, Mo mineralization in the study region is related to these Yanshanian plutons. The
oxygen fugacity (f,) of the magma calculated by zircon Ce anomalies and Ti-in-zircon temperatures
shows that the average magmatic f, for the early Yanshanian granites in the study area is fayalite-magne-
tite-quartz (FMQ) +2.7, much higher than that of the late Yanshanian granites (FMQ -1.1). Thus,
the high oxygen fugacity contributes to the formation of Cu, Au, and Mo deposits. With the popularity of
the zircon analysis, it is much easier to obtain the content of rare earth elements in zircon. Using zircon
trace element to calculate the oxygen fugacity tends to have a broad prospect.
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Table 1  Metallogenic time of the Cu, Au, Mo deposits in the intersection area of Zhejiang, Jiangxi, and Anhui provinces
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Fig. 2 Chondrite-normalized "' REE diagrams (a) and primitive mantle-normalized ! spider diagram

(b) for the Yanshanian granites ( The data are from [25])
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Table 2 The average content of metallogenic elements in the Yanshanian granites

. R Au Ag Cu Mo Zn Sn W Ni FEmEe wr
A Fle/Ma (ng g (pg-g) " R
H A 165 3.24  102.43 163.40 19.22 13.86 25.72 1.43 14. 05 9.76 7 V'S
M E  161.2 1.22 159.91 144.77 2.27 14.65 96.91 1.95 5.05 11.79 2 AR
1H 1% 160. 0 1.18  74.43 58.29 15.34 13.03 41.41 1. 66 14.76  11.12 9 Vi Ng'q
= 155.8 1.62  162.15 53.49 1.27 12.19 182.76  3.00 13.06 11.98 1 V'S
EHLR 1527 1.79 181.56 91.97 19.66 16.95 47.28  2.35  43.89 8.47 16 AR
I 152.2 2.89 118.89 31.86 5.32 24.78 93.51 4.10 14. 51 3.06 11 AR
LR/ 151 2.06 129.13 58.87 15.10 22.11 59.90 3.56 11.59  2.11 11 VN8
o 150.9 4.33 1041.49 53.70  0.99 16.31  82.88 1. 16 5.00 82.29 3 Vi N'8
LK 149 0.74 183.46 122.25 21.99 37.04 53.35 4.25 10.09  2.07 23 V'S
IR 146 1.53  428.94 165.30 7.05 24.00 91.60 4.58 103.13 2.64 17 VN8
Mychk 141 0.59 338.42 28.88 0.42 27.70 67.04  2.68 2.74 1.03 3 AR
EARE  139.9 1.07 51 18 0. 266 12 40 2.42 2.90 4. 69 1 V'S
apiny 129 0.65 70.00  4.90 1. 15 33.70  30.00 4.11 1 (1)
KFEI 126 ~122  0.30  69.00  2.50 2.80 290.00 31.00 7.20 12.90 1 [31]
il 125.7 0.40  47.00 1. 80 0.51 43.00 21.00 1.70 6.30 1 [31]
(

1) ASSOB TT 3R M 34T i e s SR 27 s R Py SR AL~ S A B8 e il AR IR Bk B T (2505

WA S AT MU A AR 5 4R R 5L, 1993

4 SRR JE IR T () R

AR R 2 b T B R A R A R
LR, I HAEBUREOREME T, nl il
ZRr Gk TR AL, B E R A D Fe'
SRR IS E Fe'* 15 Fe'* S id LU, st
S Ahy Ce'r/Ce’ LUl BFTEHRMT, iR pE

1) WK 4.

& Cu, Au i M EZ R, A Cu, Au KM
JLE, ARG SEEP NG S KRR ERS
T2 Cu, Au At A R ivE, AR
REH T Cu, Au TR E S, 10w 0% B kI
T, AR PRI K ZHLL SO; Fil SO, T 2
TERERRER IS A b, RETE BUBR AL I S° & BARAIR,
GRALYIXMELLA B, MIMA FIF Cu, Au 7E5RA



166 HIlRA R AR (ASRBERR)

552 4%

R AR AR A

Ballard 2% 5 B0 R4 40 10053 oF SR 2 3K 4R
IR AR, TR I 8 R R BE S A A A
WFFERI %, LS E) Cett /Ce™ LB IR A Y
AACRES . FERAEMET, BaPhm ' 2455 b
Ce* " BIFHUL, Ik, nIRE Ce' ' /Ce’ HER
FIWE A I SRR AT S (. B5 A Ce' T /Ce’ (1Y
KFEFIRAN:

[Ce* /Ce™ ] pr =

(C%ﬁs - D%iafi@u:)/ ( D%;fﬁw ~ Cepr

SRR, HBEEEMT 18 AL X PR AR
Ce'*/Ce’ " >300 (FIRIER), A0 MR R
RABNF I . 23T AR 3R B S B b i g
WE, MERBEAET ., HPEHE (8 7R, &
D 7 = I o811 7 = s N 2 e o 2 I
AT, D BT RIS A AR T, 15
HH XS AR B TR ARER ELAT B Y Ce* ' /Ce’
(BIES R ) , BRSO IX FEAR Y Ce* /Ce M
B IA 830 ~ 1 600, X 52BRE KR
PEBEASRE 14 e A B HA R R A AR (|
JEilE Ce' ' /Ce’ " HUE H AE I B PR A S0 A A
XA, ANBESK H SR B ) 2 %A

Trail et al. " @ AREEE A Ce T . T,
AREZHMER, HHMTEEA, WLLEH
I A ) AR S
m(éﬁ)ﬂz(0156¢00%0)><m(ﬂ) .

13 860 + 708

T - 6.125 +0. 484

Horpr fo JEAHIRIE, T IR4a0HR A

HIA TAEH, FRATHI Trail 12855 25 2 o
A Ce S 11 T W78 DX e 1L L B AL 1
AN L IR 5 o () B R . Horpr, el LA
kK H IR AL 3, Hek A U - Pb 4£18 165
Ma &4y, #E4HW Re — Os A% 163.9 = 1.9 Ma,
TR S B TR B T, R PR A < B
AEAEESMRSHS TR E (£2), M
TERL T H BT IR, P Al my 3k 2] rh R RS,
JHI Trail et al. ™ {3 H5 77 W0 5 S B A1) SR B
BT FMQ (B A — WA — A 9858 vpxT)
AMH (REBRE™ - ARERAZEvioxd) ZIa], ~FXME N
FMQ +2.7, %GR BEEE . M8 LD Y 48 B A
K E AT R 5 BEA BT 9 B A e b fe i, FLAS
A1 U —Pb 4E#$ 139.9 Ma, 0 JUER & &5 Hr4s
RN, EREMRALR S SR CR &8
fI%, TESLPRERm R LB Bk, 11358 F
S HORLAE 5 1 RGR FE N T FMQ, P A
FMQ - 1. 1'%,

M, IR R AR R R, B4
SERLHICER S s ML R DI AR B Y SRR B
I, AER 3 S 2 AR A 4 4 SH A I T R &
%, RBP4 B T4 S B i s o A A IEAESE,
BT A A o A 03 K, X TR T AR R U,
PATEE A AR R DT R B R B
I, FIREA R L TR & R RA SR AR
FE BT RE 0 RS

1000

() HFAEARE

100

6Ce

10

@ MR &7 Ak
A REARET A

0.1

T/(10°K)

(b) HIKEREE
L-10

F-15

I-20

1g/f(0,)

L -25

I -30

@ il EH ik
A | REARsTEk

6.5 7.5 8.5 9.5 10.5 11.5

400 500 600 700 800 900 1000
t/°C

B4 gk, EREEERGERARE (a) FERKARE (b) (Bdika [40])
Fig. 4 Magma oxygen states of the Tongcun, Shangjieshou pluton (a) and magma oxygen fugacities of Tongcun,

Shangjieshou pluton (b) (The data are from [40])



K I ACUA R < 47 U-Pb AR [T ],

55 MRS A - i Aot A 08 DX L DT 4K B B 2 B 0 kS HL S AR 167

5 é'ﬂ:': i’/t\i [10] Eﬁmxﬁ}? zé)li;[};fﬂ(l\; : 1\8’[6/\(_)9.]3W et al. Sensitive high-

, , , etal. g
1) WS i kE AT X e 2t 1L 40 1 55 G B 6 i T resolution Ton microprobe U-Pb zircon and * Ar-* Ar

%l ;;f%ﬁmm g Kl g“;% T:B'?I‘/?J {(m/ 5 "ﬁ}l—%;\ti muscovite ages of the Yinshan deposit in the Northeast

o~ e il - erd G - Jiangxi province, south China [J]. Resource Geology,

FAE s HEEA Tk S BUAE G A A RE A, AT BETE A 2007, 57, 325 337,

TG HEBIER S WYL, AA2RE [11] ZHOU Q, JIANG Y H, ZHAO P, et al. Origin of the

— MR A EAE KB, B A B a1y Dexing Cu-bearing porphyries, SE China: elemental and

O HIE AT RE S A N R R R A O, Sr-Nd-Pb-Hf isotopic constraints [ J]. International Ge-
2) i@ﬂiﬁﬁ,ﬂ?ﬁﬁlﬁ%/\ﬁ&ﬁﬁﬁ%%%@ﬁ , ology Review, 2011, 54. 572 —592.

LR S SINE AL i[O Al [12]  Fok, P, KM, 55 VIPUH A AT 2 &R e IR

KERAE AL WA BRI, T o e s g 8

= SIS - . | il Jot , : - .

WIVERIEE RS R, BRI TEEN ) e T i

ﬁkﬁfﬁﬁﬂﬁﬂo ﬁﬁﬁ%aqjﬁimﬁﬁﬁﬁﬁﬁfUﬁ ﬁﬁf% LA-ICP-MS %E U-Pb ng&/ﬁ\jﬂﬁﬁ%ﬁx

BOTF I ERE [J]). M4, 2011, 30(9) : 1360 — 1368.

P [14] ZENG Q D, WANG Y B, ZHANG S, et al. U - Pb

and Re - Os geochronology of the Tongcun molybdenum

(1] migp, X020, £3oi, 2. W 5% k4 IX deposit and Zhilingtou gold-silver deposit in Zhejiang
4 TR S — R T 2 ) 4% 4 4 S8 o AT T 4% province, Southeast China, and its geological implica-
BESSAT R BZ WIS [T]. KILHR 58 7%, 1999, 20 tions [ J]. Resource Geology, 2012, 63 (1): 99 -
(3): 155 - 171. 109.

(2] HER, U BEVIA, % TR RE G (1) FATRE, SRt JISCH, 5. BRI R
A DCHE LU TE B 2 2% 00 R R I 1 H BR 3 ) 2 75 " Re - Os 4R K H I BORESCLT ] 07 R M
0. WA, 2004, 24(3) : 65 -70. 2011, 30(4) : 690 - 698.

[3] YUANF, ZHOU T F, YUE S C, et al. Rare earths of ~ [16] SRfR%, Bk, JEICHR, . Bir BB 0 ™
magmatic rocks in Yanshanian stage in adjacent region of Re - Os 4F#¢ R I 28 LT ], Mm%k, 2011,
Anhui and Jiangxi provinces, Jiangnan uplift [J]. Jour- 18(3): 261 -267.
nal of Rare Earths, 2003, 21(5) : 591 —594. [17] ZEB%IE, YASUSHI W, JE SC/R. VLPE K40 78 X

(4] BAEER. Wemd AL R A A S A SRR SR & Ja 1k U AT B A S5 3t R AL 2 5 A M T X
BT, MR, 1994, 4(4) . 31 —43. [J]. BS54k, 2007, 23(10) : 2353 -2365.

[5] WONG J, SUN M, XING G F, et al. Geochemical and (18] IR, Aok, REHE, . JLRFEHEy X np
zircon U-Pb and Hf isotopic study of the Baijuhuajian Hepdta s SO 54 8 - B ERCR[T]. iy
metaluminous A-type granite: Extension at 125 - 100 Ma Hi%, 2011, 18(5) : 243 -255.
and its tectonic significance for South China[ J]. Lithos, [19] Tted, e, #em, % [IEEER LMY
2009, 112 289 —305. IRFFIE S H Re - Os AFEHR[T]. HbJBi2f4f, 2007, 81

[6] ZHANG S, ZHANG Z C. Petrology and geochemistry of (7): 946 -951.
the Huangshan granitic intrusion in Anhui province, [20] VEgEE, HERER, BRANK, 5. Wi T R B IR K
Southeast China: implications for petrogenesis and geody- TERIN K 45 A1 SHRIMPU-Ph 4 % B b 5T 25 X
namics [ J]. Acta Geologica Sinica ( English Edition) [J]. EHE, 2010, 37(6) : 1559 —1565.

2010, 84(3): 581 -596. [21]  ZRgk3C, 200, FEoRE, 5. TLP LR R4

[7] JIANG Y H, ZHAO P, ZHOU Q, et al. Petrogenesis and WEEHT Re - Os [Af3; AW S H DT L[ T]. st
tectonic implications of Early Cretaceous S- and A-type 4%, 2007, 81(6) . 801 —807.
granites in the northwest of the Gan-Hang rift, SE China [22] JHH, Ao, FHER, & SR ARES W. Mo fEix
[J]. Lithos, 2011, 121: 55 -73. NACTES B A= (1], SR s, 2011,

[8] YANG SY, JIANGSY, ZHAO K D, et al. Geochronol- 25(2) . 201 -210.
ogy, geochemistry and tectonic significance of two Early [23] ZEX, MWed, N AR, BEr S XS Z AT FRAE
Cretaceous A-type granites in the Gan-Hang Belt, South- 2F N HE RN B HBRIL2AIFSR[T]. A 244, 2012,
east China [J]. Lithos, 2012, 150, 155 - 170. 28(12) : 3980 —3992.

(9] #Esk, Hhfe, LR, . TLPEEMALE—HI [(24] BEXK, AER, w2k, % CRIART L X RS

B RMEFHE™ Re — Os [AAL ARG [T]. 04240,



168 LR (BT 452 %

2011, (7)) 621 -622.

[25] LIPJ, YUXQ, LI HY, et al. Jurassic-Cretaceous
tectonic evolution of SE China: geochronological and ge-
ochemical constraints of Yanshanian granitoids[ J]. In-
ternational Geology Review, 2013, 55.1202 - 1219.

[26] BOYNTON W V. Cosmochemistry of the rare earth ele-
ments: Meteorite studies [ A |. Henderson P. Rare
Earth Element Geochemistry [ C]. Amsterdam; Elservi-
er, 1984, 63 —114.

[27] SUN S'S, MCDONOUGH W F. Chemical and isotopic
systematics of oceanic basalts: Implications for mantle
composition and processes [ A]. SAUNDERS A D,
NORRY M J. Magmatism in the Ocean Basins [ C].
Geol Soc Spec Publ 42, 1989. 313 —345.

[28] PEARCE J A, HARRIS N B W, TINDLE A G. Trace
element discrimination diagrams for the tectonic interpre-
tation of granitic rocks [ J]. Journal of Petrology, 1984,
25, 956 -983.

[29] &FIR, KREV. KTHEMIEA W88 ) 5Ok
PB——SRAET O G RTHELT ] BB IT, 1998,
44(5) . 464 -469.

[30] BERETY. VLPGFEXCBES D WL 1 ok IR Y S 96 AIF
L)), HRIETE, 1995, 41(5) : 463 —471.

[31]  EIRAER, A, a0, 55 KILP T e 4R X 5
JEFAAER A R LR FEE SRS LT]. H Ty
iz, 1998, 72(3) . 267 -275.

[32] MUNGALL J E. Roasting the mantle; Slab melting and
the genesis of major Au and Au-rich Cu deposit [ J].
Geology, 2002, 30 915 -918.

(33]

(34]

[35]

[36]

[37]

[38]

[39]

[40]

MENGASON M J. Metals in arc magmas: The role of
Cu-rich sulfide phases [ D]. Ph. D. thesis, University
of Maryland, 2011.

BALLARD J R, PALIN J] M, CAMPBELL I H. Relative
oxidation states of magmas inferred from Ce ( 1V )/Ce
(TII) in zircon: application to porphyry copper deposits
of northern Chile [ J]. Contributions to Mineralogy and
Petrology, 2002, 144 .347 —364.

LIANG HY, CAMPBELL I H, ALLEN C, et al. Zircon
Ce**/Ce’* ratios and ages for Yulong ore-bearing por-
phyries in eastern Tibet [ J]. Miner Deposita, 2006,
41, 152 - 159.

b, I TR XN T B A T A
AR X EAIRZS : R A7 Ce(1V) /Ce(1ID) LLfEHY
2R )], W4, 2008, 28(2) ; 152 - 160.
DR, Earim, WRkKEE, & FEIHCR) 5T R K
B B KA A # A HE [ AR A Ce' "/
Ce’ " WAE[T]. W ARHBER, 2011, 30(2); 266 —278.
T, Hake, Mg, 5. &Pl s i
B XA ST Ce*t/ Ce® ™ O B =R IR i 38 R
B R, 2012, 1, 74 -82.

TRAIL D, WATSON E B, TAILBY N D. Ce and Eu a-
nomalies in zircon as proxies for oxidation state of mag-
mas [ J]. Geochimica et Cosmochimica Acta, 2012,
97. 70 -87.

QIUJ T, YU X Q, SANTOSH M, et al. Geochronology
and magmatic oxygen fugacity of the Tongcun molybde-
num deposit, northwest Zhejiang, SE China [J]. Min-
eralium Deposita, 2013, 48.545 —556.

R e e e e e e I L e e e e A e ) N A )

( 4255 160 1)

(9] B0, 5K, BRI, FeT 22 EMER I Y BRTLIR
BT BRAERTSE ()], B4R, 2012,67(1) :83 - 92.

[10] W5 05, Jh5s 55, 1998 ~2010 4E 4Bk R4
BEREK IS 2 RpAE 0 M [0 ). Ok 22 dE i, 2012, 23
(4) . 475 -484.

[11] HAMED K, RAO A. A modified Mann-Kendall trend
test for autocorrelated data [ J]. Journal of Hydrology,
1998, 204 . 182 - 196.

[12] 3Kk BRA R, A he, 45 op [ P AL X =19 ) T3
ARAG RIS 25 73 Ai——5E T PDSTEE [T ], s Hw4i,
2007, 62(11) :1142 —1152.

[13] RICHMAN M B. Rotation of principal components [ J].
Journal of Climatology, 1986, 6. 293 —335.

[14] LIAN, T, CHEN D. An Evaluation of Rotated EOF A-
nalysis and Its Application to Tropical Pacific SST Varia-
bility [ J]. Journal of Climate, 2012, 25.5361 —-5373.

[15] TORRENCE C, COMPO G P. A practical guide to
wavelet analysis [ J]. Bulletin of the American Meteoro-
logical Society, 1998, 79(1) . 61 —78.

[16]

[17]

(18]

[19]

(20]

[21]

GRINSTED A, MOORE J C, JEVREJEVA S. Applica-
tion of the cross wavelet transform and wavelet coherence
to geophysical time series [ J]. Nonlinear Processes in
Geophysics, 2004, 11.:561 —-566.

ZHANG Q, XU C Y, ZHANG Z X. Observed changes
of drought/wetness episodes in the Pearl River basin,
China, using the Standardized Precipitation Index and
Aridity Index [ J]. Theoretical and Applied Climatology,
2009, 98 89 -99.

WANG H J. The weakening of the Asian Monsoon circu-
lation after the end of the 1970s [ J]. Advances in At-
mospheric Sciences. 2001, 18 376 —386.

8, ko, EIRDE. R4 2 X Hh I j 7 & K
BRI, B4, 2010,29(4) (975 - 981.
TRAREZE, RERE, FARRDL. T 77 4 AR 4 22 XU 58 78
PEFEIIPELT ] DA, 1999,10(1) -1 - 8.
INTS %, DRI B, ] . RSV 98¢ ki $A ) 22 48 B S
I RAEEK R AFEPREOCR[T]. g5k, 2002,
60(2): 164 —172.





