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Abstract

The Yongping deposit is a large-sized Cu-W deposit in the Qin-Hang metallogenic belt. The ore genesis of
submarine exhalative sedimentary versus skarn types has been debated for a long time. The trace element concen-
trations of scheelite from the Yongping deposit were analyzed for constraining mineralization conditions and the
genesis. There are three types of scheelite from the Yongping deposit: (1) homogeneous scheelite with dark shade
in CL image from retrograde alteration stage (Sch I -1); (2) homogeneous scheelite with light shade in CL image
from retrograde alteration stage (Sch I -2); and (3) scheelite with oscillatory zoning from the quartz-sulfide stage

(Sch I). Mo and Eu substitution is of particular relevance, and shows redox sensitivity. The Sch I -1 is Mo en-
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riched and shows negative Eu anomaly, indicating an oxidized fluid, whereas the Sch I -2 and Sch Il are Mo de-

pleted and show positive Eu anomaly, indicating a reduced fluid. All scheelites from the Yongping deposit have

relative LREE-enriched chrondrite-nomalized rare earth element patterns, which are consistent with those from

the skarn deposits but are different from those in metamorphic deposits. The high values of Mo and low values of

St in scheelite suggest a magmatic-hydrothermal origin instead of metamorphic origin. The similarity in Y/Ho ra-

tios between scheelites and granite indicates that the ore-forming fluid was derived from the granite. In summary,

these data strongly support that the Yongping deposit is a skarn-type deposit.

Key words: geochemistry, scheelite, trace element, ore genesis, Yongping deposit
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Fig. 1 Map showing the distribution of Cu-W polymetallic ore deposits in South China (after Mao et al., 2011)
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Fig. 2 Geological map (a) and cross section along No. 8 exploration line (b) of the Yongping copper-tungsten deposit
(after Yu etal;, 2016)
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Fig. 3 | Photographs of copper-tungsten ores from the Yongping deposit

a. Garnet skarn with disseminated chalcopyrite; b. Garnet skarn with disseminated scheelite under ultraviolet light; c. Garnet and pyroxene skarn;

d. Retrograde alteration skarn with disseminated chalcopyrite; e. Massive copper ore; f. Massive copper ore containing disseminated scheelite

with blue luminescence under ultraviolet light; g. Quartz-sulfide vein containing chalcopyrite and scheelite; h. Massive copper ore

containing chalcopyrite and galena; i. Calcite vein cutting copper ore

Grt—Garnet; Px—Pyroxene; Chl—Chlorite; Ccp—Chalcopyrite; Sch—Scheelite; Gn—Galena; Qz—Quartz; Cal—Calcite
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Fig. 4 Microphotograph and cathodoluminescence (CL) images of scheelites from the Yongping deposit
a. Garnet crosscut by chalcopyrite with transmitted light; b. Scheelite | coexisting with chlorite, quartz, chalcopyrite and pyrrhotite with transmitted
light; c. Scheelite | coexisting with chalcopyrite and pyrrhotite with reflected light; d. Chalcopyrite-pyrrhotite assemblage with reflected light; e. CL
images of scheelite I -1 overgrowth by scheelite | -2; f. CL images of scheelite | -1 with homogeneous texture; g,h Scheelite Il replaced by
chalcopyrite and sphalerite with transmitted light and reflected light; i. Scheelite Il coexisting with sphalerite with reflected light;
j. Chalcopyrite-sphalerite-galena assemblage with reflected light; k,1. CL images of scheelite Il with oscillatory growth zoning
Grt—Garnet; Chl—Chlorite; Sch—Scheelite; Ccp—Chalcopyrite; Py—Pyrite; Sp—Sphalerite; Gn—Galena; Qz—Quartz; Cal—Calcite



398 AW TR A TVYACE Cu-W R LS AT R AL AR AE S H A7 R B PR 48 7 637

F1 kT RERBIRFIREME
Table 1 Details of scheelite samples from the Yongping deposit
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Table 3 Trace element compositions of scheelite, garnet and epidote from the Yongping deposit
. w(B)/% w(B)/10°
Feidis Y
Na,0 CaO W Mo Cu S Cr As Sr Nb Ta Pb Th u

ZK-15-1  SchI-1 0 1810 64526500 15280  154.00 10051  59.300 2.700 30300  17.900 0.600 2200  4.000  5.300
ZK-15-2  Schl-1 0 1948 627987.00 22902.00 7229.00 3782 1828.300  7.800 29.900  9.600 0.500  1.700  0.600  0.100
ZK-15-3  Schl-1 0 1942 636157.00 28861.00 1320 3002  27.700 1.700 28700 3300 0.500  3.100  0.200  0.100
ZK-15-4  Schl-1 0 19.65 614082.00 20430  544.00 2400  587.800 11400 26400  6.100 0300 481.100 0200  0.200
ZK-15-5 Schl-1 0 1857 54419600 15290  1031.00 2661 1159.100  0.800 45.100  23.500 0400 2300 2200  3.200
ZK-12-1  Schl-2 0 1956 632672.00  1514.00 0 304 56.000 14900  246.000 1.800 0.500  6.400 0 0.100
ZK-12-2 Schl-2 0 1842 645194.00 270 0 0 44.200 4.900 60.400 1300 0.500  16.400 0 0.100
ZK-12-3  Sch1-2 0 1954 63461500  835.00 0 0 278.700 4.900 65200  1.400 0.400  194.400 0 0.100
ZK-12-4  Sch1-2 0  17.80 648456.00  239.00 0 0 458.400 5.600 56.100  2.500 0.600  6.400 0 0.100
ZK-12-5 Schl-2 0 1799 647131.00  727.00 0 128 8.300 5.700 55.600 2300 0.500  2.300 0 0
ZK-14-1 Schl-2 0 1938 634750 623.00 0 0 195.100 6.400 61.500 5200 0.400  14.900 0 0.100
ZK-142  Schl-2 0 1983 630950 377.00 0 154 64.200 6.500 69.300  9.000 0.500  5.500 0 0.100
ZK-14-3  Schl-2 0 1949 632663.00  328.00 0 73 18.200 10900  67.100  8.200 0.500  8.000 0 0.100
ZK-14-4  Sch1-2 0 2021 624444.00 1440 0 241 41.700 14900  74.000  8.700 . 0.500  25.900 0 0.100
ZK-14-5 Sch1-2 0 2026 625212.00 1200 0 140 100.300  17.900  81.800  13:300_ '0.400  17.700  0.100  0.400
ZK-15-6  Sch1-2 0 1834 642503.00  771.00 0 41 569.900 100 73700 8400 0.400 8700  0.100  0.100
ZK-15-7 Schl-2 0 2071 621936.00  1736.00 0 40 394500 18400 79300 - 7.100 0.500  23.000 0 0.100
ZK-15-8 Schl-2 0 1837 64250500  652.00 0 146 207.000 9.900 67.300  8.000 0.400  9.400  0.100  0.100
YP2-2-1  Schll 0 1790 619219.00  264.00 0 398 432.700 8.500 28.800  5.000 0.500  1.800  4.200 48.000
YP2-2-2  Schll 0 17.52 644049.00  286.00 0 0 240.900 /. 10.300. 31200  5.000 0.400 1.800  5.700  43.800
YP2-2-3  Schll 0 17.90 645464.00  342.00 0 118 232.200 4.500 45500 5400 0.500  1.800  3.700 28.200
YP2-2-4  Schll 0 1879 639230 291.00 0 41 51.400 22,600 46400 4700 0.400  2.000  3.400 22.200
YP2-2-5  Schll 0 1740 63412400  482.00 0 0 120.200 6.400 42,100 5900 0400  1.700  3.100 27.100
YP2-2-6  Schll 0 1826 639196.00  329.00 0 0 556.200 2.300 52200 3300 0.400 2700  3.000 13.600
YP2-2-7  Schll 0 1943 631767.00  396.00 0 145 332.100 4.200 45100  2.600 0400  1.600 1900  4.500
YP-2-1 Schl 0 1979 633733.00  435.00 0 127 308.900 0 46700 2.100 0.500  5.500  5.500 12.400
YP-2-2  Schll 0 20.04 628952.00  674.00 0 69  1062.100 0 500 6.000 0.500 5900  4.500  9.800
YP-2-3  Schll 0  18.57 643744.00  293.00 0 71 114.700 0 64.000  1.800 0.400 5500  10.700 19.300
YP-2-4  Schll 0 1838 645271.00  142.00 0 212 53.600 0 31.000 6700 0.500 3300  0.800  0.400

YP-2-5  Schll 0 1829 64515200  653.00 0 291 546.000 0 33.100  3.500 0.500  3.300 1.800  10.300
YP-2-6  Schll 0 2041 628472.00 ~ 254.00 0 87  263.200 0 29.900  6.900 0.500 3200  2.000  7.400
YP-2-7  Schll 0 19.62 634656.00 70 0 221 200.900 0 38700 4700 0.500  4.100  2.600  8.200
YP-2-8  Schll 0 1941 621890 116.00 0 53 11559.700  0.200 76.000 2500 0.500 6900  10.200 11.400
YP-10-1  Schll 0 18.17 645136.00  492.00 0 40 576.000 0 144000 100 0.500  5.800  3.000 16.000
YP-10-2  Schll  0.01 19.96 « 630872.00  537.00 0 48 398.300 0.500 40200  11.700 0.700  4.000  3.600  4.800
YP-10-3  Schll 0 19.92 630920 429.00 0 0 811.300 0 49.100  10.400 0.500  5.800  3.600  7.800
YP-10-4  Schll 0 19.10 639207.00  638.00 0 25 411.200 0 45800 12300 0.600  5.100 2300  6.600
YP-10-5  Schll 0 20.57 626872.00  777.00 0 265 2000 0 39.100  3.800 0.600  3.800 1.000  6.200
YP-10-6  Schll 0 1848 644913.00  739.00 0 0 17.900 0 32.000 6700 0.400  2.500  0.300  1.100
YP-10-7  Schll 0  18.63 642757.00  1469.00 0 78 195.800 1.700 38500 3500 0.600  2.700  1.900  7.700
ZK-15-9  Schll 0 37.62 2.00 1.00 1.00 813 13.700 3.200 0.300  7.800 1.200 0 0.100  0.900
ZK-15-10 AT 0 3955 5.00 0 7.00 1048 294.600 4.600 0.400 19300 3.500  0.200  0.400  2.300
ZK-15-11 Aff+A 0 37.88 6.00 0 0 256 273.800 0 0.200 20300 3.000 0200 0200  2.400
ZK-15-12 FAffFA 0 3842 9.00 0 0 186 1145.800 1.600 9.400  23.800 2200  6.800  1.800  4.500
ZK-12-6 A 0 2457 48.00 1.00 9.00 0 336400 22,700  1031.000  0.100 0 325600  4.100  14.400
ZK-12-7  GHA 0 2472 9.00 1.00 54.00 1857 2861.500  59.200  986.200  0.100 0 6186400 0.100 8.100
ZK-12-8  HAA 0 23.96 2.00 0 10 878  575.900 16.700  747.600  0.100 0  1065.100 20.800 22.700
ZK-12-9 A4 003 15.14 5.00 1.00 18.00 9379 2056.800  100.300  854.100  4.500 0.200 771.600  0.100  3.000
ZK-12-10  Z¢5A 0 2416 5424.00 0 9.00 501 4058.600  7.000  806.100  0.200 0 184.900  7.800  28.800
iRl 0.01  0.02 0.22 1.14 4.50 193 1.860 4510 0210  0.080 0.020 0.190  0.010 0.010
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Fig.5 Chondrite-normalized REE patterns of garnet, epidote and different types of scheelite from the Yongping Cu-W deposit

(The chondrite values are from Sun et al.,1989; The granite data are collected from Zhang et al., 2018)
a. REE patterns for Sch I -1; b. REE patterns for Sch I -2; ¢. REE patterns for Sch Il

1990; Rempel et al., 2009; Song et al., 2014 ; Xie et al.,
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By R 80 85 15 2 &m0 R A Bl (Song et al.,
2014; AT 45F,2017)
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RVES ™ PR, 17 B S8 AS [R) A B Bk AL IR rp (LA 1Y)
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A — % (LREE/HREE [ {H & 17.16~20.23, Zhang et
al., 2018) ([ 5a~c) , R 5L HA LR, AW
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Fig. 6 Chemical variation of scheelite from the Yongping Cu-W deposit

a. Comparison of w(Mo) in different types of scheelite from the Yongping deposit with the scheelite data from the tungsten skarn

deposits, including the Jitoushan and Baizhangya (after Song et al., 2014) and Xiaoyao (Su et al., 2020), the Zhuxi (after
Yuan et al., 2019), the Dahutang (after Sun et al., 2017); b. Plot of Eu* versus Eu,; c. Plot of St/Mo versus dEu.
The base diagram after Poulin et al., 2018; d. Plot of La/Lu versus Y/Ho
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