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Abstract

Tongchang is the biggest porphyry Cu (Mo, Au) deposit in the Dexing metallogenic ore concentation area.

For tracing the origin of ore-forming fluid during complicated mineralization and alteration process of the
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Tongchang porphyry Cu (-Mo-Au) deposit, the work has been mostly devoted to oxygen isotopes of rocks or
spatial anomaly delineation of oxygen isotopes of whole rock, whereas researches on combined hydrogen and oxy-
gen isotopes of single minerals including altered minerals and gauge minerals are very insufficient. According to
detailed classification of different alteration and mineralization assemblages, the authors analyzed H and O iso-
topes of quartz, biotite, chlorite and sericite of different stages in Tongchang porphyry Cu (Mo, Au) deposit to
evaluate the source and evolution of the ore-forming fluid. & 'O and 8D values of water balanced with quartz and
biotite from regular barren quartz veins in phyllite (Al), quartz-biotite veins (A2), quartz-magnetite veins
(A4) and quartz-pyrite = chalcopyrite veins(B) show that all the ore-forming fluids were derived from magma
except for partial contamination of B-veins by a little meteoric water. § 'O and 8D values of quartz from the last
low-temperature D-veins and carbonate veins lying at the end of the meteoric water-granodiorite porphyry line
indicate that the ore-forming fluid during the last low-temperature stages (180 ~200C ) were totally derived
from meteoric water. Considerable variations of & O and 8D values of biotite phenocrysts from fresh and chlori-
die-hydromicazation porphyry suggest that minor amounts of meteoric water and regional metamorphic water
were partially involved in the magmatic water during biotite phenocryst crystallization, or late weak chloritiza-
tion-hydromicazation had already altered granodiorite porphyry. Chloritization 'was caused by magmatic water
besides minor meteoric water, while the sericitization was triggered by the reaction of meteoric water with phyl-
lite. In general, potassium-silicate alteration, chloritization, A-veins and B-veins were formed by the action of
magmatic fluid, and meteoric water entered the alteration-mineralization system during chloritization. However,
sericitiztion, late low-temperature D-veins and carbonate veins of the Tongchang deposit were formed by mete-
oric water.

Key words: geochemistry, hydrogen and oxygen isotopes, ore-forming hydrothermal fluid, Cu(-Mo-Au)
porphyry deposit, Tongchang
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Fig. 1 Regional structural setting of the Dexing copper — gold deposit after Wang et al. 2004

Pt, s5—Proterozoic Shuangqgiaoshan Group metamorphosed rock = Z- &€ —Sinian-Cambrian volcanic sedimentary rock 1—Mesozoic granodirite
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Fig. 2 Geological sketch map of the Tongchang porphyry deposit modified after Zhu et al. 1983
I—Relict tuffite and tuffaceous phyllite of the lower member of Ducun Formation Proterozoic Shuanggiaoshan Group 2—Quartz diorite
porphyrite 3—Granodiorite porphyry 4—Axis of measured and inferred reverse anticline 5—WE-trending compressional fault 6—NE-trending
compresso-shear fault 7—NW-trending compresso-shear fault 8—Tenso-shear fault 9—Cryptoexplosive breccia 10—Weakly altered phyllite

and metamorphic tuffite 11—Intensely altered phyllite and metamorphic tuffite
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Fig. 3 Characteristics of veins formed in the Tongchang porphyry Cu (Mo-Au) porphyry deposit

a. Irregular quartz veins (A1) in wall rocks: b. Quartz-biotite vein{A2)in granodiorite porphyry; ¢. Quartz-magnetite veins{ A4 )in potassic gran-
odiorite porphyry and their relationship with B-veins and D-veins; d. Quartz-magnetite vein{ Ad-veins) edged with a little K-feldspar in weakly hy-
dromicazed granodiorite porphyry: e. Quartz vein { B-veins) with discontinuous chalcopyrites bornite and pyrite center-line: f. B-Vein with continu-
ous pyrite center-line; g. Pyrite-quartz vein with sericite and chlorite halo (D-veins); h. Pyrite vein containing a little quartz{ D-veins> and erosscut

by calcite vein: i. Quartz-calcite vein. Al> A2, A4 and B-veins from photo a» bs ¢» d» e and f are the studied samples listed in Table 1 and 2
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Table 1 Hydrogen and oxygen compositions of A-vein and B-veins of the Tongchang Cu -Mo-Au porphyric deposit
HO §%0 H,0 i
8 lﬂoa %0 b %n SDL ‘)rm
DT35-A 9.3 8.1 -65 Al 800
DT65-17 9.9 8.7 -78 Al 800
DT65-20 10.7 9.5 -73 Al 800
DT65-32 10.0 8.8 - 66 Al 800
DT125-19 9.6 8.4 - 87 Al 800
DT125-37 9.3 8.1 —-67 Al 800
DT5-13 9.6 8.4 -73 - A2 800
DT5-13-2 9.3 8.1 - 68 - A2 800
DT35-25 9.1 7.9 - 60 - A2 800
DT35-31 10.3 9.1 -63 A2 800
DT35-14 9.5 8.3 -76 - A4 800
DT80-1 8.7 7.5 - 69 - A4 800
DT80-3 1 8.7 7.5 -69 - A4 800
DT80-3 2 8.9 7.7 -79 - A4 800
DT80-4 9.2 8.0 -77 - A4 800
DT80-7 9.1 7.9 -71 - A4 800
DT80-11 8.8 7.6 —74 - Ad 800
DT95-1 9.1 7.9 -78 - Ad 800
DT95-3 9.0 7.8 -78 - A4 800
DT5-7 10.0 7.5 -78 B 550
DT35-01 9.7 7.2 —66 B 550
DT35-26 10.2 7.7 =73 B 550
DT65-02 9.7 7.2 — 64 B 550
DT65-08 9.8 7.3 -71 B 550
DT65-39 10.7 8.2 —-74 B 550
DT65-46 10.0 7.5 -76 B 550
DT80-5 9.0 6.5 -72 B 550
DT125-13 10.3 7.8 -79 B 550
DT125-15 10.5 8.0 —74 B 550
a. 30 8D V-SMOW b. 3180 3180 10°lne . = 4.48%
10°T72-4.77x10°> T+1.71 2000 c. H0 §%0 5180 10%Ina =3.05%
1007 2-2.09 d. 2009
H O 2
5 5 %0 8 %0 -
2.6%0~4.9%0 oD —54%0~ —T79%0 1 10°Ina =2.20 X 10°T 2 = 0.6 Bottinga
80 8D 6. 1%o 1973 - -
— 53%o - 5180 10°Ina =2.28%10°T 2 —-4.77
oD 2.8%0  —72%o0 A x10° T+2.3
600 ~800C oD 2
800C D 375C 2
350~375C 2009
2000 4
- 2 Al A2 A4
5180 5180 9.3%0 ~10.7%0 9.1%0~10.3%o0
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Table 2 Hydrogen and oxygen compositions of biotite chlorite and sericite of the Tongchang Cu -Mo-Au porphyric deposit
3%0 .o HO §"%0 H0 |
* % oD e b D ¢ % ¢
DT65-33 2.6 - 54 5.1 -32.7 800
DT65-44 4.9 -79 7.4 -57.7 800
DT65-53 4.6 -0l 7.1 -39.7 800
DT65-56 3.8 -09 6.3 —-47.7 800
DT95-6 3.1 - 68 5.6 —46.7 800
TC-Bi 5.46 -82 8.0 -60.7 d 800
TC-61Bi 5.43 =79 8.0 -57.7 d 800
DT65-50 4.1 - 68 5.8 -067.8 375
DTX-1 6.1 -53 6.5 -19.4 375
DT80-3 2 2.8 =72 5.3 -18.5 800
a. 30 8D V-SMOW
b. 3 %0 5180 103l . =3.84x10°T 2-8.76x10° T +2.46
10°na . =3.97x10°T"2-8.19x10° T +2.36 10%Ing =
4.14X10°T"%2=7.36x10° T +2.21 2000 -
c. oD oD 10%Ina . =-21.3X10°T >-2.8 Suzuokiet al. 1976
H 10°Ina = —=22.1X10°T 2-2.8 Suzuoki et al. 1976
d. 2002
8.7%0 - 9.5%0 9.8%0 9.6%0 A Al AZ A4
9.0% A
1%o
8180 8.4%0~9.8%O B 8180 9.0%0"'10.5%0
9.1%0 1999 7.33%0~9.99%0 Al 5180
8.77%0 2002 1984 1983 450C SO 5.3%0~7.0%0
8.2%0~10.0%0 9.5%0 1983 6.3% S BO 8D
8 180 B
A 800 Al A2 M 3D
~600TC 800TC O 5180 1.4%o
O BEN®) 7.2%0 ~ 5180
8.6%0 7.0%0"’8.2%0 66%0’“74%0 O
7.7%0 7.5%0 6.9% 8180 B 8180
5180
BD - 65%0 - 87%0 - 60%0 - 73%0
_69%0"“ - 78%0 8.6%0 1984 1983
- 72 .7%0 - 66%0 1996 6
=74 .6%0 o 18O SD S 180 S 180—8D
3D - 4
205C
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A 5180 D
oD H O
1996 D
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Fig. 4 H and O isotopic compositions of ore-forming fluid -
and their evolutional relation in water-rock exchange system 250C
for Tongchang Cu Mo-Au porphyry deposit -
All data are from this text and Zhu et al. 2002 . MRL is meteoric H
water line. Water rock evolution line is from Zhang et al. 1996 .
Of them real line 1 and 2 are evolved meteoric water line for meteoric
water with granodiorite porphyry at 300°C and 450C  respectively
dashed lines 3 and 4 are evolved meteoric water lines of magmatic wa- Ford et al. 1977
ter for meteoric water with phyllite at 250C and 300C  respective- Eastoe 1978 -
ly dotted lines 5 and 6 are evolved magmatic water lines for magmatic
water with granodiorite porphyry at 300C and 450°C  respectively.
5 %0 and 8D values of initial magmatic water are 8.0%0 and — 70%o Beane et al. 1995
and & "0 and 8D values of Mesozoic meteoric water are —8.5%0 and
Henley et al.
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