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Abstract

This paper made a systemic study of isotopic and element geochemical characteristics of the ore-bearing por-
phyry, wall rocks, ores, pyrites in the ore and mineralized wall rocks in the Jinduicheng Mo deposit, with a dis-
cussion on the origin of the ore-forming materials. The results indicate that the Jinduicheng ore-bearing porphyry

is enriched with light rare earth elements (LREE) and has obvious fractionation between LREE and HREE as
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well as indistinct or no negative Eu anomalies (8Eu=0.70~0.96). Four pyrite samples are enriched with
LREE and have slightly negative Eu and no Ce (8Eu=0.64~0.81, 6Ce=0.88~1.03) anomalies. In addi-
tion, their chondrite-normalized REE patterns are similar to those of Jinduicheng porphyry and other types of
ores. All these characteristics indicate that the ore-bearing hydrothermal fluids were derived from the porphyry.
Lead, sulfur, carbon and hydrogen-oxygen isotopic characteristics show that the ore-forming materials of the
Jinduicheng deposit had the same source as the porphyry, and they were all derived from the lower crust and the
upper mantle. Immobility isocon diagrams were plotted based on the element transform formula during alter-
ation. The slope of the immobility isocon straight line represents the fundamental ratio of the rock mass before
alteration to the rock mass after alteration. These diagrams show that Mo was consistently and significantly
added to the country rocks from the Jinduicheng porphyry. All this has led the authors to reach the concludion
that the ore-forming materials were mainly derived from the porphyry instead of from the wall rocks. The Jin-
duicheng porphyry Mo deposit was formed during the transforming stage of the Qinling Orogen from compres-
sion to extension in Mesozoic-Cenozoic period. Influenced by the slab breaking off and underplating of basaltic
magma from the boundary between the crust and the mantle, the thickening lower crust at the south edge of the
North China plate was subjected to partial melting and generated granitic magma. With the magma migrating
upward to the upper crust along the structural loci, the ore-forming fluid generated by magmatic condensation
and fractionation filled the cracks and replaced the wall rocks, and finally resulted in the formation of the Jin-
duicheng Mo deposit.

Key words: geology, isotopic geochemistry, element geochemistry, fluid-rock interaction, Jinduicheng Mo deposit

1984

— — 1987 2002 2003
2007
10 1985
1988 2000
52 % 2005 2001 A
1987
2007
1987 1989 1984a
1987 1989
1998 1989
1989 1989 1
2002 2005
U-Pb  Re-Os -
U-Pb Re-Os 1

2004 2005 1994 1996

Stein et al. 1997 2002 2003

2008



267

28 3
110°00° 110730’ 111900’ 111°30/ 112°00
T T NN N
3 N
EN 7
3490 e B4
49 40

o

; L &S
SANRN
TS

RIRL o

A
>/// /\/\

BB\
o= il CLT T D

RN NN AN N

> NNIY L IDPIPI P

+ - IV
& . %
%o o o 1 TR . v
LN e ‘ v e
, . v 3 T v ¥
* pak | o g
Y — ~<d
A

T A L

v TN SN
v 7 Pavs
AVIRY] v

vvaVVV
WY VIV vy Y
VoV OV VoYY

4’
20/

340—
20’

...

ooo

7 -W; BT s _340
........ it E n 0o’

N

f 1)”00’ 110°30’ 111°00" 111730 112°00°
, 2 g g ZBRMNE. e 77y B E R [l e <5 23

BRI Hpa AU E € HEEERE
S B SRR . ERABBREE v L E R BEEH — AR R
e I DO [ i Rl X iy
= %&giﬁﬁﬂﬁ%ﬁ% Wi TR (A | B2 EMo(W)B

BH-W RN Bt Ey
(] Mol R (@] Mo(Pb)YH bR

1 Mao et al. 2002
1— 2— 3— 4— 5— 6— 7— 8— 9—
10— 11—

Fig. 1  Geological sketch map of the East Qinling molybdenum ore deposits belt after Mao et al. 2002
l1—Huanglongpu 2—]Jinduicheng 3—Mulonggou 4—Yechangping 5—Yinjiagou 6—Majuan 7—Shangfanggou 8—Nannihu

9—Sandaozhuang 10—Shibaogou 11—Leimengou

2 NW - - 1987
75°

N30°W 325—145° - - -
3



268 2009

gAY OV OV OV VY Y YV 1
A RV ARV
Y VARVARY,
FTT VoV VOV VY L4 | 0
X , AV VOV VOV OV VY
------- :\\\\.\\\‘\\/\/\/\/\/\/\/\/ A
OO "'\'\/F\/ /\/ \/ \/ \/ \/ \'N v\/v\/v\/v\/v\/v\/vv 3
AR AR AV VAV AV AANA
vv\xh\\\\\\\\\\\\/\/\/\/\/vv NENEY
VS AN YV VY VY VK
I N \\v \4 \v4 v AV, "

\\/ NANANANSNANENING }\y\\/vvv\/v\/v\/\/
NNNNNNNES

S S N N
A Y

\\\\\\‘\\'\L\:\\\\

wn

~
~
~
~
<
4~
~
~.
~
~
N
<
<
<
=
X
x
o

~
.
Y
<
<
<
<

\ \“;\ \/\ NNy
~~ X "
< S "V\ﬂ \\.{ft AN SVARY

-3

\ . + W NV

\/v\/\/\/ 0\/ J S X n v\Ax?\/ AN VAR

Q'A“‘«}D(”\’/ \/ \?‘\\/
XW N

fro

,,,,,,,,

<

EK

1— 2— 3— 4— 5—
6— T— 8— 9— 10— 11— 12— 13—
Fig. 2 Geological map of the Jinduicheng Mo deposit after Huang et al. 1987
1—]Jinduicheng ore-bearing K-feldspar porphyry 2—Iaoniushan monzonitic granite 3—Hornfelsized basaltic andesite 4—DBiotitized basaltic
andesite 5—Diabase 6—Quartzite of Gaoshanhe Formation 7—Basaltic andesite of Xiong’ er Group 8—Anticline 9—Syncline

10—Unconformity 11—Ore body boundary 12—Tensional fracture 13—Fault

10% ~20% 50 %
0.1~0.4 mm 1 mm
5% ~ 15% 20% ~ 45% 25% ~
35% 5% ~25% 5%
Si0,
2
1987
340° JDO1 JD02 JDO03 MO0603 M0604
400 m 150 m 0.067 km? 600~  MO0605 MO0609 MO0610 JD0O9
700 m 2 000 m 400 m 450 JDI10 MO0607 MO0608
m JDO05 MO0606 —
JD04 JD06

JD13 JD22-1 JD23-1 JD24
2.5 ~5 mm



28 3 269
0.89 Eu Ce
LREE HREE 5.14~12.87
9.65 La Yb y 5.05~16.61
13.51 La Sm y 1.75~5.32
3.83
3C REE
- 220.64~352.26 pg g 2 3
286.45 ng g oEu 0.69~0.80
0.75 Eu 0Ce
3 0.97 Ce LREE HREE 9.40 ~
13.66 11.53 La Yb y 11.02 ~
3.1 15.88 13.45 La Sm y 3.21~4.72
1 3.97
3C
- Hender- REE** Fe?*
son 1984 REE
REE
REE pH E,
2003 2004
1 2 3 2006 >REE 8.36~
38.96 pg g 1 3 19.83 pg g SEu
>REE 18.02~ 0.64~0.81 0.73 Eu
142.88 ug g 1 3 59.41 pg g oEu dCe 0.88~1.03
0.70~0.96 0.83 Eu 0.94  Ce oEu oCe
dCe 0.93~0.94 0.93
Ce LREE HREE 6.15 1989 LREE HREE 3.53~12.35
~14.71 9.17 La Yb y 5.40 ~ 9.26 La Yb y 3.15~26.28
16.84 9.32 La Sm y 3.02~4.68 13.93 La Sm y 2.28~4.63
3.48
3A
2008
>REE 187.44  3E 3
~226.61 pg g 209.57 pg g
dEu 0.79~0.86 0.83 Eu
0Ce 0.95~0.98 0.96 3D
Ce LREE HREE 6.38 ~
7.72 2 3 6.95 La Yby 6.51~ REE LREE
8.86 7.51 La Sm y 2.32~3.18 LREE
3B La Yb y
SREE  2.87~57.71 pg ¢ LREE HREE 8Eu oCe
2 3 37.03 pg g 3Eu 3
0.70~0.79 0.76 oCe 0.81~0.93



270 2009
1000 1000
—+IJ D01 -1 D02 =] D03 =<—J DIl 2] D12 —MO0603 ——MO0604——M0605
100
I S o
= ] =
=" B
@ ST
Ely el
1 it
(A) (B)
0.1 - .
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
1000 1000

—-M0607 —-MO0608—-A-MO609

—>—M0610—¢-1D09 ——IDI10 —A—] D05 2-TD04 —e—ID06 ——M0606

100
o
i
;];‘l
%"10
a
e
() (D)
f 0.1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
1000
—-JD13 —&J D22-1-%1D24 —+—JD23-1
100
=
=
A
= 10F
%g 0
W
L
1 L
(E)
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
3 A B C
D E Sun et al. 1989

Fig. 3 Chondrite-normalized REE patterns of ore-bearing porphyry A basaltic andesite of Xiong’ er Group B  quartzite and

slate of Gaoshanhe Formation C  quartzite and basaltic andesite type ores as well as mineralized country rocks D and pyrite in

the ore E  chondrite and primitive mantle data from Sun et al. 1989
Robb 2005 Mo Mo
3D Candela et al. 1986
Mo
27 667 Mo
2 Mo 59.02 pg g 130 Mo W
Solomon 1990 Sillitoe 1997 Mungall 2002 CuPb Zn 0.37pgg09pg g



28 3 271
1 wp Mg 8
Table 1 REE and trace elements analytical results wg pg g of ore-bearing porphyry and ore
JD01 JD02 JD03 JD11 JD12 JD13 JD23-1 JD22-1 JD24
La 6.03 3.49 13.65 32.22 10.16 5.87 2.50 1.76 4.73
Ce 11.43 6.88 24.92 61.96 18.85 13.97 4.50 3.51 8.84
Pr 1.37 0.86 2.84 7.35 2.24 1.73 0.51 0.44 1.18
Nd 5.34 3.48 10.29 27.07 8.49 6.69 1.80 1.54 4.00
Sm 1.24 0.73 1.84 4.33 1.61 1.62 0.34 0.35 0.78
Eu 0.35 0.17 0.54 0.85 0.42 0.49 0.07 0.06 0.19
Gd 1.08 0.69 1.58 3.14 1.38 2.15 0.31 0.24 0.71
Th 0.18 0.10 0.25 0.45 0.21 0.39 0.05 0.04 0.09
Dy 1.13 0.61 1.45 2.24 1.18 2.52 0.23 0.17 0.41
Ho 0.21 0.11 0.28 0.40 0.21 0.48 0.05 0.03 0.06
Er 0.62 0.34 0.87 1.17 0.67 1.38 0.15 0.09 0.17
Tm 0.10 0.06 0.14 0.18 0.11 0.21 0.02 0.01 0.02
Yb 0.75 0.42 0.97 1.29 0.74 1.26 0.13 0.09 0.12
Lu 0.12 0.07 0.17 0.22 0.12 0.21 0.02 0.01 0.02
SREE 29.96 18.02 59.79 142.88 46.38 38.96 10.69 8.36 21.31
LREE HREE”" 6.15 6.46 9.47 14.71 9.05 3.53 10.05 11.12 12.35
La Yb 5.40 5.60 9.55 16.84 9.22 3.15 12.65 13.63 26.28
La Sm " 3.05 3.02 4.67 4.68 3.97 2.28 4.63 3.17 3.84
dEu” 0.93 0.71 0.96 0.70 0.86 0.81 0.67 0.64 0.80
dCe™ 0.93 0.93 0.94 0.94 0.93 1.03 0.94 0.93 0.88
Ba 638.40 103.30 619.80 1.65 10.50 4.91 5.33
Rb 220.40 74.00 291.30 0.22 7.17 4.24 7.09
Sr 76.50 37.30 219.50 358.61 7.96 6.76 6.77
Y 5.40 3.41 8.77 20.03 1.69 1.10 2.23
Zr 63.40 37.10 85.40 0.05 9.38 5.97 3.85
Nb 20.98 14.30 22.42 0.02 5.02 1.13 0.65
Ti 226.50 158.90 643.50
Th 11.61 4.27 22.16 0.22 0.91 0.59 0.67
Pb 20.20 2.00 29.20 3.18 37.29 8.36
Ga 10.04 5.72 20.80 0.31 4.34 2.33 2.15
Zn 2.00 2.00 365.40 2.37 830.02 350.66
Cu 51.30 92.10 300.13 2.52 110.93 167.33
Ni 2.00 2.00 2.00 10.73 10.80 35.95 3.17
Vv 5.40 4.90 18.40
Cr 3.00 3.00 9.30 1.10 5.39 3.93 2.00
Hf 3.07 1.89 3.98 0.01 0.27 0.29 0.13
Cs 1.38 0.69 2.82 0.02 0.09 0.06 0.07
Sc 1.43 1.25 2.82 1.27 1.41 1.29 0.81
Ta 2.14 1.31 2.31 0.00 0.12 0.23 0.04
Co 371.04 461.76 193.68 1.90 123.51 32.98 22.74
Li 5.03 6.38 9.93
U 9.64 2.50 27.08 0.03 0.32 0.15 0.51
w 2082.00 2334.00 1227.60
Sn 1.06 0.82 2.21 0.50 0.39 26.76
Mo 6092.90 686.95 837.65 0.22 406.09 16.94 123.22
As 0.45 0.36 0.55
Bi 0.23 0.14 20.00 0.01 2.83 2.67
In 0.02 0.02 0.66
Mn 81.50 91.90 328.90
Sh 0.22 0.14 0.22
Tl 1.32 0.45 1.78
Ag 0.07 0.09 0.61
Cd 7.11 1.33 3.59
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Table 2 REE and trace elements analytical results wyg

2

wg Mg g

ug g of wall rocks mineralized wall rocks and ore

M0603 M0604 MO0605 MO0607 MO0608 MO0609 MO0610  JDO9 JDI10 JD04 JDO5 J1D06 M0606
La 38.74  40.09 29.74 50.08 69.51 10.74  9.15 0.48 14.10  22.85 33.76 46.56 16.07
Ce 86.97 84.65 70.96 95.91 147.78 19.71 17.02 0.98  21.98  53.79 71.85 87.26 30.06
Pr 11.49 10.82  9.74 11.01  17.68  2.38 2.01 0.14 2.86 7.53 9.28 11.17 3.53
Nd 48.51 44.46 41.38 40.56 66.59  8.82 7.60 0.60 10.32  32.53 37.58 46.56 12.91
Sm 9.33 7.93 8.05 6.68 13.62 1.65 1.39 0.17 1.67 6.35 7.31 8.89 2.25
Eu 2.35 2.17 2.17 1.35 3.21 0.36 0.31 0.04 0.43 1.65 1.45 2.75 0.41
Gd 8.76 7.54 7.91 5.16 11.05 1.27 1.01 0.17 2.11 6.12 6.87 8.98 1.50
Tb 1.38 1.18 1.20 0.75 1.73 0.18 0.14 0.02 0.37 0.92 1.07 1.40 0.20
Dy 8.33 6.91 7.12 3.75 9.46 0.85 0.75 0.12 2.00 5.60 6.16 8.57 1.07
Ho 1.58 1.31 1.38 0.67 1.60 0.15 0.13 0.02 0.33 1.06 1.18 1.63 0.18
Er 4.40 3.70 3.78 1.94 4.51 0.46 0.39 0.06 0.78 3.12 3.49 4.69 0.54
Tm 0.64 0.52 0.55 0.31 0.68 0.07 0.06 0.01 0.10 0.47 0.54 0.70 0.08
Yb 3.66 3.06 3.09 2.13 4.26 0.45 0.38 0.06 0.57 3.06 3.37 4.57 0.51
Lu 0.47 0.41 0.37 0.34 0.58 0.06 0.05 0.01 0.08 0.46 0.54 0.67 0.08
SREE 226.61 214.73 187.44 220.64 352.26 47.15 40.38 2.87 57.71 145.51 184.45 234.42  69.37
LREE HREE" 6.76 7.72 6.38 13.66  9.40 12.50 12.87 5.14 8.09 5.99 6.95 6.51 15.70
La Yb y* 7.15 8.86 6.51 15.88 11.02 16.02 16.35 5.05 16.61 5.04 6.78 6.89 21.29
La Sm " 2.61 3.18 2.32 4.72 3.21 4.09 4.15 1.75 5.32 2.27 2.91 3.30 4.50
dEu” 0.79 0.86 0.83 0.70 0.80 0.75 0.79 0.79 0.70 0.81 0.62 0.94 0.69
3Ce” 0.97 0.95 0.98 0.96 0.99 0.91 0.93 0.90 0.81 0.96 0.95 0.90 0.93
Ba 969.00 582.30 1421.20 801.50 636.90 79.50 62.90 15.00 18.30 751.80 1173.20 270.90 9.20
Rb 368.80 280.90 273.00 256.90 525.10 23.20 14.30 13.70 27.40 446.80 540.10  72.20 2.80
Sr 185.20 215.30 218.50 15.60 53.70  8.10 10.90  9.60 10.50  43.90 147.10  347.30 10.60
Y 41.91 35.00 36.88 17.09 58.24  4.02 3.69 0.59 10.10  28.80 34.05 44.91 5.62
Zr 206.50 179.40 192.20 207.20 197.90 286.10 123.30 5.60  82.20 195.50 224.40 179.50  105.90
Nb 12.40  9.91 10.79 14.30 15.13 1.18 0.36 0.05 0.20 37.03 80.88 10.05 1.21
Ti 8970.60 7232.20 8469.90 5669.40 4293.50 954.50 526.30 0.00 240.50 7702.20 7768.80 7541.30 198.50
Th 5.03 3.28 2.88 14.47 10.15 1.25 0.73 0.11 0.76 3.51 4.24 6.15 1.30
Pb 9.70 14.90 21.50 3.90 31.60  2.00 2.00 21.10  2.00 13.90 21.40 32.90 2.00
Ga 22.80 24.88 22.94 25.01 29.85 3.10 1.99 1.50 2.75 23.85 27.50 27.90 0.44
Zn 252.20 300.70 683.80 71.60 288.60  2.00 2.00 7.70 10.00  259.80 273.30  149.30 2.00
Cu 370.25 81.56 24.14 411.88 5.23 7.97 18.01 11.66 252.13 237.38 247.75 7.58
Ni 29.00 24.00 26.80 40.10 32.60  2.00 2.00 2.00 2.00 15.80 11.10 15.50 2.00
\% 150.00 138.30 149.40 113.10 137.10 13.20  8.30 3.30 9.40 126.60 119.10  147.00 5.10
Cr 174.15 150.00 152.70 137.70 147.15 16.05  3.00 3.00 9.75 101.25 108.15  96.60 6.00
Hf 11.22 7.32 10.41 5.96 5.56 9.16 3.66 0.13 2.35 5.71 8.27 7.74 3.47
Cs 18.50 18.93 15.41 4.06 5.13 0.19 0.13 0.16 0.30 20.96 20.59 4.13 0.10
Sc 33.62 25.32  27.36 16.57 13.80 1.40 1.02 0.94 1.46 21.24 22.55 21.28 0.79
Ta 0.73 0.61 0.62 0.93 1.01 0.22 0.06 0.01 0.04 0.70 2.73 0.67 0.07
Co 72.48 93.73 61.36 33.36 43.51 270.36 306.48 544.68 428.52 114.31 105.16 143.52  299.88
Li 38.56  36.59 32.69 10.61 46.62  3.55 2.80 2.51 3.40 112.99  159.75  21.56 1.80
U 0.87 2.13 0.83 2.59 2.56 0.51 0.29 0.21 1.11 2.15 3.23 2.00 0.93
w 207.36  509.76 184.92 117.95 221.28 1550.40 1532.40 692.76 1579.20 710.28 282.24  959.40 1822.80
Sn 1.72 8.82 5.27 2.29 11.34  0.97 0.88 1.72 1.64 9.51 15.03 7.46 0.90
Mo 1.01 1.42 3.36 4.11 3.94 5.41 1.73 4.49 9.52  1505.90 904.20 4.56 293.59
As 0.74 0.74 0.55 0.45 0.45 0.45 0.26 0.36 0.55 0.45 0.36 0.36 0.74
Bi 0.84 9.11 3.77 20.00 5.99 20.00 0.22 5.22 0.96 0.31 0.33 4.07 20.00
In 0.14 0.49 0.50 0.15 0.84 0.02 0.02 0.06 0.04 0.15 0.18 1.00 0.05
Mn 1636.00 1571.90 2063.60 390.70 1095.30 65.10 38.20 49.70 91.50 1245.00 2037.00 2722.60 35.70
Sb 0.14 0.16 0.14 0.19 0.14 0.34 0.16 0.19 0.24 0.14 0.14 0.14 1.58
Tl 5.01 3.60 3.85 1.59 4.29 0.20 0.10 0.08 0.21 3.08 3.30 0.62 0.05
Ag 0.06 0.31 0.26 0.12 0.39 0.07 0.04 0.45 0.08 0.23 0.31 0.27 0.22
Cd 0.23 0.38 2.14 0.05 0.05 0.04 0.03 0.59 0.24 187 1.30 0.22 0.49

1
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Table 3 Contrast of REE characteristics in the Jinduicheng Mo deposit
. 18.02~142.88 187.44~226.61 2.87~57.71 220.64~352.26 8.36~38.96
SREE pg g
59.41 209.57 37.03 286.45 19.83
6.15~14.71 6.38~7.72 5.14~12.87 9.40~13.66 3.53~12.35
LREE HREE
9.17 6.95 9.65 11.53 9.26
5.40~16.84 6.51~8.86 5.05~16.61 11.02~15.88 3.15~26.28
La Yb y
9.32 7.51 13.51 13.45 13.93
. 3.02~4.68 2.32~3.18 1.75~5.32 3.21~4.72 2.28~4.63
La Sm N
3.88 2.71 3.83 3.97 3.48
SE 0.70~0.96 0.79~0.86 0.70~0.79 0.70~0.80 0.64~0.81
" 0.83 0.83 0.76 0.75 0.73
5C 0.93~0.94 0.95~0.98 0.81~0.93 0.96~0.99 0.88~1.03
< 0.93 0.96 0.89 0.97 0.94
12.72 pg g 28.22 pg g 93.38 pg g 10000 Dii%’é‘%%;g
MIRREERT
2002 2007 26 Mo ool - i
W Cu Pb Zn 0.68 pg g 1.19 - ER R & Lma Ty
& N EREEUAAFY
pg g 1898 pg g 1598 pg g 2440 pg g B 100k 5
= n
2007 Mo W Cu Pb  Zn @ H
0.51280.6pgg30pgg13pugg gm- =
74 pg g 1997 w’g E
B b By
Mo W Cu Pb  Zn 1.93
pg g 300.68 pg g 167.95 pg g 15.37 pg g 0.1
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5.25 pg g 1 338.69 pg g 10.72 pg g 6.78

Fig. 4 Correlation column of ore-forming elements in stratig-

raphic rocks regional corresponding strata and the crust
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Table 4 Sulfur isotopic composition of the Jinduicheng Mo deposit

3*Scor %o

D07 - - - 5.01

JDO8 - - - 5.38

JDI13 - - - 5.12

D14 - - - 5.57

JD15 - - - 6.19
7 2.82~5.44 4.36 1984a 1989
28 1.33~5.6 4.22 1984a 1989
13 2.90~4.90 3.95 1984a 1989

g
o D pid=chon
=i

1984b
1990 1991 1992 1992
1994 2000

206 pp, 204 ply = 17.284 ~ 18.251
17.693 27 Ph 2 Ph = 15.382 ~ 15.528
15.470 2% ph 2% Ph = 37.673 ~ 38.198

4 3 2 1 0 1 2 3 g 37.938 206 pp, 204 ply =
878 /% 16.125 ~ 17.707 16.722 27 Ppp, 24 pp =
5 15.271 ~ 15.495 15.364 **® Pb *" Pb =
19842 1989 36.346—38.001 37.054
Fig. 5 Histogram of sulfur isotopes of pyrite and 06pp 24 Ph = 15.406 ~ 19.428 17.131
molybdenite data after this paper Huang et al. 27pp 2%Ph= 14.492 ~ 15.667 15.353
1984a and Liu et al. 1989 28pp 204ph=35.902 ~42.558 38.365
3 Crpp — 4%0~ — 8%o — 5%o U Th
Taylor et al. 1986
8" Cppy Zart-
— 2%0~3%0 & Cppp man 1981 207pp, 204 pp-20 p
0%o Veizer et al. 1980 0ph  6A  28ph 4pp2PhL 2MPhL 6B
12C
8" Cepi = 30%0 ~ — 15%
—22%0 Ohmoto 1972 5
1989
&' Cppp — 4.56%0 ~

—6.51%o —5.50%o
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Table 5 Carbon-oxygen isotopic composition of calcite in the Jinduicheng Mo deposit
33 Crpg %o 3"0pps %o 30 quow %o "0 svow %o
C01 —4.918 -16.501 13.899 -1.2105 1989
C03 —4.555 —18.887 11.439 -3.6703 1989
J123031 —6.046 —20.321 9.961 —5.1486
JDI8 -6.510 —25.750 4.364 —10.7454
3" 0svow 3" Oguow = 1. 03091 88 Oppyy + 30.91 Coplen et al. 1983 30 svow
1 000 lga _ =2.78x10° T?—2.89 O Neil et al. 1969 120C 1998
6
Table 6 Lead isotopic composition of the Jinduicheng Mo deposit
206Pb 204Pb 207Pb Z(DJPb ZUSPb 20-’1Pb
JD01 17.872 15.508 38.082
JD02 18.251 15.528 38.115
JDO7 17.477 15.485 37.983
JD23 17.589 15.490 38.198
M0603 17.707 15.495 38.001
MO0605 17.005 15.427 37.710
JD22 16.982 15.427 37.594
17.284~18.129 15.382~15.511 37.673~38.049
4 17.588 15.437 37.782 1984b 1992
16.125~17.123 15.271~15.421 36.346~37.310
Q
8 16.532 15.331 36.786 1992 2000
16 15.406~19.428 14.492~15.667 35.902~42.558 1990 1991
17.131 15.353 38.365 1992 1994
40
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Fig. 6 Lead isotopic diagram of ore-bearing porphyry and stratigraphic rocks
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Table 7 80 and 3D values of ore-forming fluids at different stages
3" Osmow %o dDgviow o C 3O %o

10.24 -78.2 500 7.98

9.71 -77.2 500 7.45

8.68 — 500 6.42
9.03~10.03 9.59 -96.7~—-57.22 =79.16 500 6.77~7.77 7.29 1998
8.77~9.87 9.22 —84.35~-64.97 =76.11 250 —1.74~3.33 0.04 1998
8.36~9.87 9.12 —120.62~—79.79 —100.20 120 -10.12~1.85 —4.14 1998
500C 1998 380 1000 lga ~ =3.38%10° T2—3.4 Clayton et al.

1972



276 2009

VN %Erﬁﬁg‘\ ﬁ% REII\S/[amk;(/a;nba etal. 2004
L O Bl DT SMOW -
201 o Ky Bmh B .
TR Ak REE X-Y R2>0.9
40+
K Pr Nd Sm

2 60} A
o) = 4
~ 80} o LA Zr Ti Hf  Ta

ool AA Zr Hf Ta

120 ¢ Grant
-140 -y -2 - 1986 2

5180,,(//%0 8
2
7
Fig. 7 Hydrogen-oxygen isotopic diagram
Cail et al. 2001 Yigitetal 2003 Pr Nd Sm
4 immobility isocon Zr Hf Ta
7 1998
O 8D

O 7.77%0 ~— — 10.12%o0

—1.03 %0 oD —=57.22%0 ~ —120.62%o0

- 82 83%0 - - SA
RRN) oD
7 1998 8B 8C 8D
3.3 Cail et al. 2001
k k
_ - i Grant 1986 k
8 Grant 1986

LREE k slope=1

Hofstra 1994
Amass % = 1 £ —1 X100

X-Y

Finlow-Bates et al. 1981 Grant 1986

Ba Rb Sr

X-Y Zn Ni V Cr Sc Pb
McCuaig et al. 1998 REE 2000



28 3 277
10000 ——==5004 R A 00 0260 - »
Mass gain=3.88% | 'MmobIty lsocon 7 Mass loss=37.74% onstant Mass  ——
A Mo n
1000 AW 1000 wa o
g@ Cus® f ABa g@ Cu Zn
AZn .
100 YCO‘ ACr oo 100 LiaCoa AV
il Pba Laaed ) Nba G dceA Sr
ﬁ p L Constant Mass _\]ﬁ - peSaARLaT Tmmobility Isocon
37 10 G b Ni = 10 Sn Ase
a T m # T Pr
0 Moa gaon Hlla Cs Y 4Dy HE
e Y Cdak m
1 InaAT 1 Ta ]BIO
Lu a ATI T
Vs A) Ag HHAST i (B)
oLaso A o L&SbaIn
0 1 10 100 1000 10000 0 1 10 100 1000 10000
10000 ZRELE ZREZWE
#=0.8417 Constant M 10000 %=0.8520 Cometani o
Mass loss=18.81% onstant vass Mass loss=17.37% onstan 355\
1
1000 A Mo A 000
7 A AMo T(')
M . uig A& Zn 1
= Lia Co W },glOO o r
2100 AND o 5 Bj & Mn
¥ Galakd 10 NgaE
= Sna l:l;’b Sc ® Pr u -
',TIE 10 TS L2525 ANi Immobility Isocon e Sh N dLiZ“nP ARp Immobility Isocon
1
W TaaUAYD P P Cd f ScRGa
1 CdagPAEu g p
Lu b 0.1
AgA AAS ABi ©) a $le (D)
o LaSpain 0.01
0 1 10 100 1000 10000 0.01 0.1 1 10 100 1000 10000
ZREZLE A¥E
8 ABC D mass gain  mass loss
Fig. 8 Isocon diagrams showing element concentration and mass transfer in alteration and ore-forming processes of basaltic

andesite A B C and quartzite DD mass gain and mass loss mean the gain or loss of mass in original rocks during

Cs Th REE

Ga Cu W Mo Pb

1989

2000

the alteration and ore-forming process

1997
Li U

Nb Y Ta Hf Zr
Mo

Sr U LREE

Rb Ba
Ta Nb

Cu Pb Zn Ni VW Mo

Mo

Mo

Mo



278 2009
3.4
1
LA-ICP-MS
U-Pb 140.95 £ 0.45 Ma 2 -
2008 Re-Os 141 +
4 ~ 127+7 Ma 1994 Stein et al.
1997
2008
3
3
2001 Meng et al.
2000
1992 EW
NNE- NS NNE-
NS W -
EW NNE
References
BiXW HuRZ Peng] T and Wu K X. 2004. REE and HFSE geo-
chemical characteristics of pyrites in Yao' an gold deposit Tracing
ore forming fluid signatures J . Bulletin of Mineralogy Petrology
SN and Geochemistry 23 1  1-4 in Chinese with English abstract .
Cail T L and Cline J S. 2001. Alteration associated with gold deposition
at the getchell Carlin-type gold deposit North-Central Nevada ] .
Econ. Geol. 96 1343-1359.
Candela P A and Holland H. D. 1986. A mass transfer model for copper
and molybdenum in magmatic hydrothermal systems The origin of
porphyry-type ore deposits J . Econ. Geol. 81 1 1-19.
2001

Chaussidon M and Lorand J P. 1990. Sulphur isotope composition of
orogenic spinel lherzolite massifs from Ariege North-eastern Pyre-
nees France
mochimica Acta 54 2835-2846.

Chen Y] LiC Zhang] LiX and Wang HH. 2000. Isotopic Charac-

An ion microprobe study J . Geochimica et Cos-

ters of Sr-O  rock forming mechanism and style of porphyry molyb-
denum deposit zone in Qinling J . Science in China Series D 30

Supp.  65-72 in Chinese .



28 3

279

Clayton R N O’ Neil ] R and Mayeda T K. 1972. Oxygen isotope ex-
change between quartz and water J . Geophysics Research letters
7 3055-3067.

Coplen T B Kendall C and Hopple J. 1983. Intercomparison of stable
isotope reference samples ] . Nature 302 236-238.

Cui H. 1991. Lead isotopic characteristics and metallogenic significance
of nonferrous metals and noble metals in North China Craton
Henan China J . Geological Exploration for Non-ferrous Metals

2 30-41 in Chinese .

Fan HR Xie Y H Zheng X Z and Wang Y L. 2000. Ore-forming
fluids in hydrothermal breccia-related gold mineralization in Qiyu-
gou Henan Province J . Acta Petrologica Sinica 16 4  559-563

in Chinese with English abstract .

Finlow-Bates T and Stumpfl E F. 1981. The behaviour of so-called im-
mobile elements in hydrothermal altered rocks associated with vol-
canogenic submarine exhalative ore deposits J . Mineralium Deposi-
ta 16 319-328.

Grant ] A. 1986. The isocon diagram A simple solution to Gresens’ s

1976-1982.

Henderson P. 1984. Rare earth element geochemistry Developments in

Geochemistry M . Amsterdam Elsevier. 317-342.

equation for metasomatic alteration J . Econ. Geol. 81

Hofstra A H. 1994. Geology and genesis of the Carlin-type gold deposits
in the Jerritt Canyon district Nevada Boulder dissertation for doc-
tor degree D . PhD thesis University of Colorado. 1-719.

HuSX LinQL ChenZM etal. 1988. Geology and ore-forming of
north and south China ancient plate suture M . Nanjing Nanjing
University Press. 442-489.

Huang DH Wang Y C Nie F J and Jiang X J. 1984a. Isotopic compo-
sition of sulfur carbon and oxygen and source material of the Huan-
glongpu carbonatite vein-type of molybdenum lead deposits J .
Acta Geologica Sinica 3 252-264 in Chinese .

Huang DH Nie F ] Wang Y C and Jing X J. 1984b. Lead isotopic
composition and the source of metallogenetic materials research on
molybdenum deposit of east Qinling ] . Mineral Deposits 3 4
20-28 in Chinese with English abstract .

Huang DH Wang Y C and Nie F J. 1985. A new type of molybdenum
deposit- geological characteristics and metal-logenic mechanism of

lead de-
posit Shaanxi Province China J . Acta Geologica Sinica 59 3
221-257 in Chinese with English abstract .

Huang DH Wu C Y and Nie F J. 1987. Geologic features and genesis of

the Huanglongpu carbonatite vein-type of molybdenum

Jinduicheng porphyry molybdenum deposit  Shaanxi Province J  Min-

eral Deposits 6 3 22-34 in Chinese with English abstract .
Huang DH Dong Q Y and Gan Z X. 1989. Chinese molybdenum dopsit
A . Shong Shuhe
Beijing Geol. Pub. House. 482-512.

editor in chiel . Chinese mine deposit C .

Huang D H. 1992. Rhenium content and polytype characteristics of molyb-
denite from molybdenum deposit in east Qinling ] . Acta Petrologica et
Mineralogica 11 1 74-83 in Chinese with English abstract .

HuangDH WuCY DuADand He H L. 1994. Re-Os isotope age of
molybdenum deposits in east Qinling and there significance ] . Mineral
Deposits 13 3 221-230 in Chinese with English abstract .

Huang DH DuAD WuCZ LiuLS SunY L and Zou X Q. 1996.

Metallochronology of molybdenum copper deposit in the north

China platform Re-Os age of molybdenite and its geological signifi-

cance J . Mineral Deposits 15 4  365-373 in Chinese with Eng-
lish abstract .

Huang Z L and Wang L K. 1997. The regularity of element activity dur-
ing the alteration and mineralization of lamprophyres in the
Laowangzhai gold deposit  Yunnan Province ] . Acta Petrologica
et Mineralogica 16 1  10-21 in Chinese with English abstract .

Huang Z L. Xiao HY Zhu D and Wang L K. 1998. The law of ele-
ment activities in the processes of mineralization for lamprophyres in
Zhenyuan gold orefield Yunan Province ] . Acta Mineralogica
Sinica 18 3 337-343 in Chinese with English abstract .

LiHM Shen YC MaoJ W LiuT Band Zhu H P. 2003. REE fea-
tures of quartz and pyrite and their fluid inclusions An example of

northwestern Jiaodong peninsula ] .

267-274 in Chinese with English

Jiaojia-type gold deposits
Acta Petrologica Sinica 19 2
abstract .

LiYF WangCQ Bai FJand Song Y L. 2004. Re-Os isotopic ages of
Mo deposits in east Qinling and their geodynamic settings J .
Mineral Resources and Geology 18 6  571-578 in Chinese with
English abstract .

LiYF MaoJW HuHB GuoB]JandBai FJ. 2005. Geology dis-
tribution types and tectonic settings of Mesozoic molybdenum de-
posits in east Qinling area ] . Mineral Deposits 24 3 292-304

in Chinese with English abstract .

Li Y and Ren CS. 1990. Lead isotopic evolvement of North China Cra-
ton J . Journal of Xi" an College of Geology 13 2 1-12.

LiuCM Lu X X and Zhang Z W. 1989. Geochemical features of rare
elements for granites east Qinling ] . Henan Geology 7 2 32-
39 in Chinese with English abstract .

LiuXS Yan ZF Zheng S] Wu Y C and Huang B. 1987. Geology
geochemical study on ore-hosted strata of classic mine deposits in
nonferrous metals-forming belt east Qinling J . Mineral Deposits
6 4 1-10 in Chinese with English abstract .

Liu X S and Sun X M. 1989. Ore-forming fluid inclusions and stable iso-
topes of Jingduicheng porphyry molybdenum deposit J
and Exploration 25 2 12-19 in Chinese with English abstract .

LuYC JinYH Ban YH WuF FuZG and Zhang P. 2007. The

distribution law of bearing ore stratum in east Qinling-Dabie moun-

. Geology

tain mineralization belt J . China Molybdenum Industry 31 1
12-17 in Chinese .

LuXX YuZP FengYL WangYT MaW F and Cui HF. 2002.
Mineralization and Tectonic setting of deep-hypabyssal granites in
east Qinling mountain J . Mineral Deposits 21 2 168-177.

LuoM J. 1992. Conspectus of gold deposits in Henan Province M .
Beijing Seism. Press. 1-312 in Chinese .

MacLeam W H. 1990. Mass change calculations in altered rock series
J . Mineralium Deposita 25 44-49.

Manikyamba C Naqvi S M Mohan M R and Rao T G. 2004. Gold
mineralization and alteration of Penakacherla schist belt India con-

straints on Archaean subduction and fluid processes J . Ore Geolo-



280

2009

gy Reviews 24 199-227.

Mao GZ HuaRM Gao]F ZhaoKD LongGM LuH] and Yao
J M. 2006. REE composition and trace element features of gold-
bearing pyrite in Jinshan gold deposit Jiangxi Province J . Mineral
Deposits 25 4 412-426 in Chinese with English abstract .

Mao ] W Richard ] G ZhangZW XuW Y QiuY M and Deng J. 2002.
Gold deposits in the Xiaoginling-Xiong" ershan region Qinling Moun-
tains Central China J . Mineralium Deposita 37 3-4  306-325.

MaoJW ZhangZH Yu]J] Wang Y T and Niu B G. 2003. Mesozoic
tectonic setting of large scale ore-forming in east China and adjacent
areas Revealed by precise ages of metallic deposits ] . Science in
China Ser. D 33 4 289-299 in Chinese .

McCuaig T C Kerrich R Groves D I and Archer N. 1993. The nature
and dimensions of regional and local gold-related hydrothermal alter-
ation in tholeiitic metabasalts in the Norseman gold fields The miss-
ing link in a crustal continuum of gold deposits J Mineralium
Deposita 28 420-435.

Meng Q R and Zhang G W. 2000. Geologic framework and tectonic evo-
lution of the Qinling orogen central China J . Tectonophysics
323 183-196.

Mou B L. 1999. Elemental geochemistry M . Beijing Peking Univer-
sity Press. 1-227 in Chinese .

Mungall J E. 2002. Roasting the mantle Slab melting and the genesis of
major Au and Au-rich Cu deposit J . Geology 30 10  915-918.

Nie F J and Fan ] T. 1989. A study on REE geochemistry of the molybde-
num-bearing granitoids in the Jinduicheng-Huanglongpu area  Shaanxi

J . Acta Petrologica et Mineralogica 8 1  24-33 in Chinese .

O Neil ] R Clayton R. N and Mayeda T K. 1969. Oxygen isotope
fractionation in divalent metal carbonates J . Journal of Chemical
Physics 51 5547-5558.

Pei YH Yan HQand Ma Y F. 2007. The relationship between plaeo-
volcanic apparatus and mineral resources of Xiong’ er Group along
Songxian-Ruzhou zone in Henan Province J . Geology and Mineral
Resources of South China 1 51-58 in Chinese .

Ren]JS ChenTY NiuBG etal. 1992. Tectonic Evolution of conti-
nental lithosphere and ore-forming beneath east China and its adja-
cent areas M . Beijing Science Press. 1-230 in Chinese .

RenQJ WuYB WuYC ZhouHQ and XuZ W. 1987. Distribu-
tion and formation of ore-containing cracks in Jinduicheng porphyry
molybdenum deposit  Shanxi Province J . Mineral Deposits 6

3 35-48 in Chinese with English abstract .

Robb L. 2005. Introduction to ore-forming process M . Oxford
Blackwell. 1-166.

Shao K Z. 1992. The study of mine explorative condition and exposure
in Qiyugou gold deposit of explosion breccia type J . Journal of
Hebei College of Geology 15 105-195 in Chinese .

Sillitoe R H. 1997. Characteristics and controls of the largest porphyry
copper-gold and epithermal gold deposits in the circum-Pacific region

J . Australian Journal of Earth Sciences 44 3  373-388.

Solomon M. 1990. Subduction arc reversal and the origin of porphyry
copperg-gold deposits in island arcs ] . Geology 18 7  630-633.

Stein H] Markey R] Morgan ] W et al. 1997. Highly precise and accu-

rate Re-Os ages for molybdenum from the east Qinling molybdenum
belt Shannxi Province China J . Econ. Geol. 98 175-180.

Sun S S and McDonough W F. 1989. Chemical and isotopic systemmat-
ics of oceanic basalts Implication for the mantle composition and

process A .In Saunder A D and Norry M J eds. Magmalism in

the ocean basins geological society of London special publication
C . London Geological Society of London and Blackwell Scientific
Publications. 42 313-345.

Sun XM RenQJ YangRY XuZW and Liu X S. 1998. Theoreti-
cal modelling of water-rock 8D-8'¥O isotopic exchange system and
source of ore-forming fluid A case study on Jinduicheng superlarge-
scale molybdenum deposit Central China J . Geology-Geochem-
istry 26 2

Taylor B E. 1986. Magmatic volatiles Isotopic variation of C H and S

A . In Valley J W Jr. Taylor HP and O’ Neil ] R ed. Stable

16-21 in Chinese with English abstract .

isotopes in high temperature geological processes review C .
Mineral 16 185-225.

Veizer ] Holser W T and Wilgus C K. 1980. Correlation of *C '2C and
S 323 secular variation ] . Geochimica et Cosmochimica Acta
44 579-588.

Wei ] J LiuC Q and Ding Z J. 2000. Active laws of element migration
in wall-rock alteration processes for hydrothermal gold deposits As
evidenced by Dongping Hougou and Shuijingtun gold deposits J .
Acta Mineralogica Sinica 20 2 200-206 in Chinese with English
abstract .

XuZW YangRY LiuHY LuXC XuW Y and Ren Q J. 1998.
Study on the ore-forming fluid of the Jinduicheng prophyry molyb-

Shanxi Province ] . Geological Journal of China
Universities 4 4 423-431 in Chinese with English abstract .

Yan M C ChiQH GuT X and Wang CS. 1997. Chemical composi-

tions of continental crust and rocks in Eastern China ]

451-459 in

denum deposit

Geophysical& Geochemical Exploration 21 6
Chinese with English abstract .

Yigit O and Hofstra A H. 2003. Lithogeochemistry of Carlin-type gold
mineralization in the Gold Bar district Battle Mountain-Eureka
trend Nevada ] . Ore Geology Reviews 22 201-224.

Zartman R. E and Doe B R. 1981. Plumbotectonics the model J .
Tectonophysics. 75 135-162.

Zhang GW Zhang BR Yuan X C et al. 2001. Qinling belt and conti-
nental dynamics M . Beijing Science Press. 1-729.

ZhangHC Xiao RG An G Y Zhang L Hou W R and Fei H C.
2003. Hydrothermal mineralization of Au Ag -polymetallic ore de-
posit in the volcanic rock series of the Xiong' er Group J . Geology
in China 30 4  400-405 in Chinese with English abstract .

ZhangZ W 7Zhu B Q Chang X Y and Wen M X. 2001. Petrogenetic-
metallogenetic background and time-space relationship of the east Qinling
molybdenum ore belt China J . Geological Journal of China Universi-
ties 7 3 307-315 in Chinese with English abstract .

Zhao T P. 2000. The characterics and genesis of Proterozoic Xiong' er
volcanics at North China Croton dissertation for doctordegree

D . Supervisor Zhai M G. Guangzhou Institute of Geology and

Geophysics  Chinese Academy of Sciences. 1-102.



28 3 281
Zhu LM Zhang GW Guo B and Li B. 2008. U-Pb LA-ICP-MS  zircon . 1987.
dating for the large Jinduicheng porphyry Mo deposit in the East Qin- J. 6
ling China and its metallogenetic geodynamical Setting J . Acta Geo- 4 1-10
logica Sinica 82 2 204-220 in Chinese with English abstract . . 1989.
J. 25 2 .12-19.
. 2007. -
J . 311 12-17.
.2004. . 2002.
J. 23 I 21
1 1-4. 2 168-177.
. 2000. . 1992. M . . 1-312.
] D 30 . 2006.
64-72. J.
. 1991. 25 4 412-426.
] . 2 30-41. . 2003.
. 2000.
J. 15 4 559-563. J . D 33 4 289-299.
. 1988. . 1989. M. . 1227
M . . 442-489. . 1989. —
. 1984a. J. 81 24-33.
J. 3 252-264. . 2007. —
.1984b. 1. 1 51-58.
J. 34 20-28. . 1992.
. 1985. —_— M . . 1-230.
]. . 1987.
59 3 221-257. J. 6 3 3548.
. 1987. . 1992.
1. 63 22-34. ] 15 105-195.
. 1989. A . . 1998.
C. . 482-512. - oD-38180 ]
. 1992. 26 2 16-21.
J. 111 74-83. M .
. 1994. - . 1-535.
Il 13 3 221-230. . 2000.
. 1996. - ]
—_ - 20 2 200-206.
] 154 365-373. . 1998.
. 1997. J. 4 4 423-431.
7. 16 1 10-21. . 1997.
. 1998. J. 21 6 451-459.
J 18 3 337-343. .2001. M .
.2003. . 1-729.
— J . . 2003.
19 2 267-274. J. 30 4 400-405.
. 1990. ] . 2001.
132 1-12. ] 73 307-315.
. 2004. Re-Os . 2000.
J. 18 6 571-578. D .
. 2005. 102 .
J. 24 3 292-304. . 2008.
. 1989. LA-ICP-MS U-Pb I 82
J . 72 32-39. 2 204-220.


ibmsz
图章


