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Immiscibility during mineralization of Yinan Au-Cu-Fe deposit, Shandong
Province: Evidence from fluid inclusions and H-O isotopes

GU XueXiang', LIU Li', DONG ShuYi''?, ZHANG YongMei!, LI Ke® and LI BaoHua?
(1 State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences, Beijing 100083, China;
2 College of Earth Sciences, Chengdu University of Technology, Chengdu 610059, Sichuan, China; 3 Sichuan Institute of Metallur-
gical Geology and Exploration, Chengdu 610051, Sichuan, China)

Abstract

The Yinan skarn-type Au-Cu-Fe deposit occurs at the contact zone between the Yanshanian intrusives and the Neo-Archean-
Cambrian sedimentary rocks. Hydrogen and oxygen isotopic geochemistry shows that the early ore-forming fluids of the anhydrous
skarn stage ( | ) and the hydrous skarn-magnetite stage (Il ) were mainly derived from magmatic water, whereas the late fluids of
the quartz-sulfide stage (Il ) and the carbonate stage (V) came mainly from magmatic water mixed with small amounts of meteoric

water. Various types of fluid inclusions, which include mainly vapor-or liquid-rich two-phase aqueous inclusions, daughter minerals-
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bearing multiphase inclusions and CO,-H,O inclusions, subordinately liquid inclusions and vapor inclusions, and minor melt inclusions,
are present in minerals of different stages. The homogenization temperature of the aqueous fluid inclusions decreases from stage [
(520~430C), through stage [l (430~3407C) and [l (250~190C ), to stage [V (190~130C ). The coexistence of melt inclu-
sions with simultaneously trapped vapor- or liquid-rich two-phase aqueous inclusions and daughter minerals-bearing multiphase inclu-
sions in garnet and epidote of stages | and [l suggests an immiscibility between silicate melt and hydrothermal fluid. In the quartz of
stage [ll, the aqueous fluid inclusions with various vapor/liquid ratios (< 10% or >65% ) commonly coexist with simultaneously
trapped liquid inclusions, vapor inclusions, daughter minerals-bearing multiphase inclusions and CO,-H,O inclusions, and different
kinds of fluid inclusions have similar homogenization temperatures. This indicates that boiling extensively took place at stage [l . It is
thus suggested that two kinds of immiscibility occurred in the process from magmatic crystallization and differentiation to hydrothermal miner-
alization in the Yinan ore deposit. The earlier immiscibility between silicate melt and hydrothermal fluid caused the escape of ore-bearing fluids
from the magma, whereas the later immiscibility between gaseous and liquid phases (boiling) resulted in Au-Cu-Fe mineralization.

Key words: geochemistry, immiscibility, boiling, fluid inclusions, hydrogen and oxygen isotopes, Yinan Au-Cu-Fe deposit,
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Fig. 1 Simplified geological-tectonic map of western Shandong Province modified from Li et al. 2007
Depressions and fault zones PY—Pingyi depression SS—Sishui depression DX—Dawenkou-Xintai depression TL—Tailai depression HM—
Huimin depression DY—Dongying depression ZH—Zhanhua depression CZ—Chezhen depression Fl—Fengpei fault F2—Liaocheng-Lankao
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Fig. 3 Sketch geological map showing the relationship between strata and ore bodies in the Yinan Au-Cu-Fe ore deposit
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Fig. 4 Typical ores and mineral associations in the Yinan Au-Cu-Fe ore deposit
A. Banded gamet-epidote-magnetite ores tunnel face: B. Au-bearing magnetite-chalcopyrite ores C. Fractured garnet-magnetite ore cemented by
chalcopyrite and penetrated by later calcite veins: D. Magnetite fractured and cemented by quartz and calcites which were both penetrated by later
calcite veinlets; E. Brecciated quartz-chalcopyrite ores F. Anhedral native gold at the edge of pyrite or between pyrite and quartz» reflected light,
plainlight. Gr—Garnet, Ep—Epidote; Mt—Magnetite» Cpy—Chalcopyrites Py—Pyrites Au—Native gold: Qz—Quartz, Cal—Calcite
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Fig. 5 Typical fluid inclusions in the Yinan Au-Cu-Fe deposit
A. Coexistence of vapor-liquid two-phase inclusions with liquid inclusions and vapor inclusions in quartz: B. NaCl crystal-bearing three-phase inclu-
sions in quartz: C. Multiphase inclusions with different daughter minerals in quartzs D. Multiphase inclusions with two kinds of daughter minerals
in epidote: E. COy-HyO inclusions and liquid inclusions in quartzs F. CO»-HyO inclusions, two-phase inclusions with various vapor/ liquid ratios.
and liquid inclusions in quartz: G. CO,-H,O inclusions, vapor-liquid two-phase inclusions and liquid inclusions in quartz: H. Coexistence of melt in-
clusions with NaCl erystal-bearing multiphase inclusions in quartz» two-phase inclusions with various vapor/liquid ratios, and vapor inclusions.

VHZO*Vapor L0, LHZO*Liquid 0, VOOZ*Vapor CO,» LOOZ*Liquid CO,» H—NaCl erystal, Ht—Hematite crystal, Cpy—Chalcopyrite erystal
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Table 1 Microthermometric and salinity data of fluid inclusions from the Yinan Au-Cu-Fe ore deposit
ty, C tie C NaCl tm C w NaCl, %
V-L 427~547 22 478
L S-V-L 477 1 477 56.7 1 56.7
V-L 290~438 30 367 -21.1—--19.8 2 —-20.5 22.2~23.1 2 22.7
L S-V-L 440~452 2 446 52.0~53.5 2 52.9
V-L 130~335 48 215 —13.5~ —-4.0 16 -8.0 6.5~17.3 16 11.5
" S-V-L 352—~480 16 403 42.6~57.1 16 48.0
CO,-V-L 286 0 26.8 5.8 5.9-9.4 5 8.1
- 261~300 6 25.4~29.3 5 4.7~6.9 5
v V-L 102~268 49 163 —-11.8~ —-1.2 12 -e6.1 2.1~15.8 12 9.1
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Fig. 6 Histogram showing homogenization temperatures A melt temperatures of daughter mineral halite C and
salinities B D of fluid inclusions from the Yinan Au-Cu-Fe ore deposit
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Table 2 Hydrogen and oxygen isotopic compositions SMOW of hydrothermal minerals from the Yinan Au-Cu-Fe ore deposit
L) %0 8IV)HZ() %00 818()'_[2() Y0 t C
KG16-9 1 5.4 -73 6.8 430
KS10-12 il 4.6 -107 8.3 340
MW280-B1 1 4.6 -112 8.0 330
KG16-9 Il 2.2 -82 7.9 300
KS10-2 I 6.0 -84 11.6 290
5 Il 8.1 - 87 -0.4 260 1996
KSI10-10 I 10.55 -72 -2.9 140
S10-8 N 12.70 - 67 -2.4 120
Il —69~—62 6.9~10.7 380 2007
1 7.0~15.4 —-50~ —108 5.1~10.7 260~720
II 6.6~8.4 13.5~15.9 350~400
2005
Il 14.6~17.4 -5~ —-63 2.0~5.1 150~247
v 13.4~13.5 =77 0.8~0.9 150
Elkkhorn L1 -63~ —54 7.6~12.9 525 Bowman et al. 1985
Copper Canyon Il 11.3~15.1 —-102~-76 2.7~9.2 280~395 Batchelder 1977
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