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Fig 1 Tectonic setting (a) and distribution of Au/Cu deposits (b) of the Jinshajiang-Ailaoshan metallogenic belt

(after He Wenyan et al. , 2016)
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2 (a), (b, (o) ( ,2009;
Lu Yongjun et al. , 2013; Fu Yu et al. , 2018)
Fig 2 Simplified geologic map of the Sanjiang Tethys (a), simplified geological map of the Machangqing deposit (b) .,
cross section of the Machangqing deposit (after Guo,2009; Lu Yongjun et al. , 2013; Fu Yu et al. , 2018)
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300~350C s
) N, )
H,O H, (Coleman et al. ,
1982), -
, Thermo MAT-253
30 8D
+0. 2%, +2%0,
V-SMOW, ,
geokit ( ,2004) ,
, EPMA-1600
(EPMA), 25 kV, 10 nA,
; 10 pm,
Fig 3 Mineral paragenesis of the Machangqing deposit 200X107°,
LA-ICP-MS
CO, (Clayton and Mayeda, 1963), .
y Microl.as Geol.as Pro,
(100~120C) R 193 nm ArF-excimer ;
4
Fig 4 Photos of the rock specimens from the Machangqing deposit
Ca)— s(b)— . s 3 (e)— R N
s(d)— . . ;(e)— R N ;
(h— . , : Gro— :Cpy— Py Csl— Cv—  sMo—

(a)—ore-bearing skarns; (b)—granular garnet, pyrite and chalcopyrite are developed in skarn, and some chalcopyrite is oxidized to covellite;
(c)—pyrite, chalcopyrite and molybdenite coexist in the ore; (d)—ore-bearing skarns molybdenite mineralization in the ore is wrapped with
pyrite, molybdenite and chalcopyrite; (e)—banded and disseminated pyrite, chalcopyrite and molybdenite coexist in the ore; ({)—pyrite and
chalcopyrite are distributed in strips, with a small amount of malachite; Grt—garnet; Cpy——chalcopyrite; Py—pyrite; Csl-—malachite; Cv—

covellite; Mo—molybdenite
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o

Fig 5 Micrographs of minerals in skarn mineralization of the Machangqing deposit

(a)— Grt | Grt]l ;(b)— ;(0)— () —
;(e)— s (D— s (Grt 1),
(Grtll);(g)—Grt | 5 (h)— s (D) — ; Grt— ;Cpx— ;
Qtz— ;Cpy— s Py— ;Chl— 3 (a) (o) (D (D 3 (b) . (e) CONEING:Y)

(a)—early euhedral garnets (Grt ) and late anhedral type (Grt II) ; (b)—chalcopyrite is filled between garnet and pyroxene; (c)—garnet
and pyroxene coexist; (d)—oscillatory zoned garnet wrapping scattered pyrite; (e)—euhedral garnet with oscillatory zoned; ({)—garnet
with oscillatory zoned, the core is strongly altered by early euhedral garnet (Grt | ), and the exterior is late anhedral garnet (Grt Il );
(g)—Grt [ with triple crystal; (h)—paragenesis of euhedral pyrite intergrows chalcopyrite; (i)—garnet is replaced by chlorite; Grt—
garnet; Cpx—pyroxene; Qtz—quartz; Cpy—chalcopyrite; Py—pyrite; Chl—chlorite; (a), (c¢), (f) and (i) are plane-polarized light

photographs; (b) and (e) are cross-polarized light photographs; (d), (g) and (h) are reflected light photographs
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Fig 6 The end member component diagrams of garnet (a) and pyroxene (b) in the

Ura s Pyr ; Spe

Machangqing deposit (after Meinert et al. , 2005)
H Gro H And H ]O H Di H Hd

Ura—uvarooite; Pyr—pyrope; Spe—spessartine; Gro—grossular; And—andradite; Jo—johannsenite; Di—diapside; Hd

hedenbergite
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7
Fig 7 The composition variation diagrams of garnet zonation in the Machangqing deposit
(a)—Grt I s (b)—Grt 1 And ;5 (o) —Grt 11 s (d)—Grt 1 And

(a)—EPMA analytical location of Grt I; (b)—element end member composition of Grt I; (¢)—EPMA analytical location and of Grt II; (d)—

element end member composition of Grt II

8o, U
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500~750C), Liu Qiaofen «C 12, o
et al. (2020) , 30 , oD
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6. 97%:C 1), .
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8 ( Taylor, 1974; Bau et al. , 1999)
Fig 8 Diagrams of elements of garnets in Machangqing deposit (chondrite normalization values after Taylor, 1974;

Proterozoic seawater normalization values after Bau et al. , 1999)

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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9 ( Sun and McDonough, 1989)
Fig 9 Primitive mantle-normalized trace element spider diagram of the Machangqing deposit
(normalization values after Sun and McDonough, 1989)
10 ( Sun and McDonough, 1989)
Fig 10 Chondrite-normalized REE patterns for garnet in the Machangqing
deposit (normalization values after Sun and McDonough, 1989)
1
Table 1 H-O isotopic composition analyses of the minerals in the Machangqing deposit
318 Osmow (Xo) 3O o DY) )
07BB35 ( ) 10. 5 2. 85~6. 44 —126 280~400
07BB36 ( ) 10. 0 2. 35~5. 94 —113 280~400
07BB48 ( ) 8 1 0. 45~4. 04 —116 280~400 , 2009
07BB50 ( ) 10. 9 3. 25~6. 84 —126 280~400
07BB51 ( ) 12. 6 4. 95~8 54 —115 280~400
JDS-2612-22 4.3 6. 05 —115. 5 545
JDS-2612-2 4.2 5 95 —102 2 545
JDS-2612-24 5 2 6. 95 —112. 3 545
JDS-2612-17 6. 0 7. 75 —119. 3 545
JDS-2612-25 4.3 6. 05 —109. 2 545
JDS-2612-5 5.8 7. 55 —122. 6 545
JDS-2612-23 5 7 7. 45 —114. 5 545
IDS-2612-3 6.5 8 25 —98 6 545
JDS-2612-20 5.7 7. 45 —100. 6 545
JDS-2612-26 4.5 6. 25 —114. 9 545
H-O 0% 0 ’
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11 Grt I Eu
Fig 11 Variation diagram of §Eu with Grt II zone of the Machangqing deposit
(a).(c)—Grt I LA-ICP-MS 5(b) (D) —Grt 1T Eu

(a), (¢)—LA-ICP-MS analytical spots of Grt II; (b), (d)—8Eu in different spots of the Grt IT
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Y) (Park . . .
Fig 12 8" Ogu—8D diagram of the ore-forming
et al , 2017), Y fluid of the Machangqing deposit (after Taylor, 1974;
’ Y-REE ’ Quartz data quoted from Guo Xiaodong, 2009)
° ’ Bau( 1996 ) s
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Abstract

The Machangqing Cu-Mo deposit, located in the Sanjiang Tethyan metallogenic belt, is a polymetallic
deposit related to the intrusion of alkaline porphyry in the Himalayan period. Previous studies have shown
that the Machangqing Cu-Mo polymetallic deposit was formed in a porphyry-skarn metallogenic system.
However, due to the lack of systematic mineralogical research, a mineralization process and metallogenic
effects of skarn are still unclear, limiting a comprehensive understanding of the mineralization process of
this deposit. Herein, this paper considers garnet in skarn mineralization in Machangqging deposit as the
research object, and uses H-O isotope, electron probe (EPMA) and LA-ICP-MS in-situ microregion
technology to carry out isotope and composition analysis to define the source of ore-forming fluids and
invert the evolution process of ore-forming fluids. The garnets can be divided into early euhedral garnets
(Grt ) and late anhedral type (Grt II). The Grt I, coexisting with the pyroxene, pyrite and chalcopyrite,
belongs to the grossular-andradite garnet solid solution (Andg 57—g 55 Grog—ss 70). The Grt II has elevated
Fe compared to Grt I, and mainly consists of andradite (Ands; 595 55 Grog—s1. 54 ). Both the types of garnets
are enriched in Th, U, LREEs and Nd, depleted in Ba, Sr, Hf and Nb. Based on the chemical
compositions of garnet, the Grt I may have formed under mildly acidic, oxidized and low W/R conditions,
whereas the Grt II may have formed under acidic, oxidation, and high W/R conditions. In addition, the
dDy-swow values and 8" Og,q values of these garnets range from —122 6%, to —98 6%, and 5 95% to
8 25%o, respectively, implying that the hydrothermal ore-forming fluid originated from magma-derived
fluid. A comprehensive consideration of data indicated that the oxygen fugacity and temperature of the ore-
forming fluid presented a decreasing trend during the skarn mineralization process, and the pH of the fluid
gradually changes from acid to weak acid neutral. This process may have been the main mechanism to

trigger the precipitation of skarn type mineralized copper molybdenum sulfide in the Machangqing deposit.

Key words: garnet; H-O isotopes; trace elements; oreforming fluids; Machangqing Cu-Mo

polymetallic deposit



