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In situ composition and U-Pb dating of garnets from the Shitouzui Cu-Fe
skarn deposit in southeastern Hubei Province and its geological implications
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Abstract: The Shitouzui Cu-Fe deposit is one of the typical skarn deposits in the southeastern Hubei Province.
Currently, its mineralization age and the evolution process of ore-forming fluids are not clear yet. Based on the field
research and petrographic observation, three generations of garnets were identified in this deposit, and in situ EM-
PA, LA-ICP-MS trace element and U-Pb dating of garnets were conducted for a systematic study. The results indi-
cate that Grtl (Adrg,_Grsy 3) has small compositional variation, and formed by diffusion metasomatism; Gri2
(Adrg; ¢ Grs,_5;) with oscillatory zoning exhibits significant compositional variation and formed by infiltration meta-
somatism; the composition of Grt3 (Adrg, ¢Grss_;;) is uniform and it resulted from crystallization of residual fluid.
Y/Ho values (19.24~32.13, averaging at 26. 46) suggest that the garets in the Shitouzui deposit have the same
magmatic fluid source. Relatively LREE-enriched and HREE-depleted patterns reflect that all these
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garnets precipitated in weakly acidic fluid condition. The characteristics of 6Eu, Sn and REE concentration indicate

that the ore-forming fluid changed from relative reduced to oxidized condition, the intensity of water/rock reaction

showed an increase to decrease feature, respectively, during the formation from Grtl, Grt2 to Grt3. The LA-ICP-

MS U-Pb dating result of Grt2, 138 + 1 Ma, accurately constrains the Cu-Fe mineralization age of the Shitouzui de-

posit and further confirms the close genetic relationship between the mineralization and the Tongliishan quartz dio-

rite. The mineralization of the Shitouzui Cu-Fe deposit is a response to the early Yanshanian magmatic activity in

southeastern Hubei Province.

Key words: southeastern Hubei Province; Shitouzui; garnet; mineralization age; ore-forming fluid evolution
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Tectonicl location (a) and regional geological map(b) of the southeastern Hubei mining area (modified after

Xie et al. , 2011; Zhou Taofa et al. , 2016)
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Fig. 2 Simplified geological map of the Shitouzui Cu-Fe ore deposit
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Fig. 3 Vertical cross section map of line 9 (a) and line 10 (b) of the Shitouzui deposit
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Fig. 4 Paragenetic sequences of minerals from the Shitouzui Cu-Fe deposit
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Fig. 5 Photos of different scales showing the skarn and ore mineral assemblages from the Shitouzui deposit
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a—quartz-calcite vein cutting through diopside skarn and quartz diorite; b—K-feldspar veins and pyrite on the fracture surface; c—epidote filling the
gaps between garnet crystals; d—subhedral magnetite, pyrite and anhedral chalcopyrite ; e—quartz-sulfide vein in garnet-diopside skarn; f—sphalerite
with guttate chalcopyrite; g—flaky molybdenite; h—quartz-pyrite-bornite replacing magnetite and chalcopyrite; i—pyrite replacing along the garnet
crystal structure and formed pseudopyrite; j—magnetite replaced by hematite along the margins and interspersed by chalcopyrite veinlets; k—quartz-

chalcopyrite-magnetite vein cutting garnet crystal; I—chalcopyrite with a crushed structure and replaced along the edge by bornite; Bn—Dbornite;

Cal—calcite; Cep—brass; Ep—epidote; Gri—garnet; Hm—hematite; Kfs—K-feldspar; Mo—molybdenite; Mi—magnetite; Py—pyrite;
Qtz—quartz; Sp—sphalerite
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Fig. 6 Hand specimen photos showing different garnet occurrences from the Shitouzui Cu-Fe deposit
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a—dark green garnet (Grtl) veins developed in marble; b—brown garnet (Grt2) developed around the light green garnet ( Grtl) edges; c—garnet

(Grt2) in the disseminated ore is replaced by later quartz, magnetite and sulfide; d—calcite crystal caves with dark euhedral garnet (Grt3) margin

in garnet skarn; Cal—calcite; Cep—chalcopyrite; Mt—magnetite
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WAl G2 IR E Gnt3; g—Cr2 KB 54 A MM G (6t3) ; h—F g d & REMEOR , W] IR BT P & 5 A 1 B 1) T
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B 3 RE1 Gr2 PR AR k—Cn3 /R JFA: 5 R AR 1—Grtl PHERM IR A5 ;. Ep—&tais
15 P—RA AR IR S—U A TR
a—zoned Grt2 replaced Grtl core under plane polarized light; b—completely extinguished Grtl core and oscillatory Grt2 under cross-polarized light;
¢—BSE image showing oscillatory Grt2 replaced by sulfide; d—oscillatory Grt2 under plane polarized light; e—Grt2 overgrown by brown edge ( Grt3)
and epidote; f—BSE image showing Grt3 formed at the edge of Grt2; g—Light brown garnet (Grt3) and epidote formed at the edge of Grt2; h—en-
larged photo of the white box in Fig. g, showing the funnel-shaped structure that is concave toward the core in the oscillatory zone of Grt2 ( white
arrow) and the structure changes controlled by the cracks (red arrow) ; i—typical funnel-shaped structure of Grt2 under the BSE image, the white
arrow points to the locally enlarged image ; j—diverse fluid inclusions in the oscillatory Grt2; k—a small amount of primary and secondary fluid inclu-

sions in Grt3; l—conical pressure erosion structure in Grtl; Ep—epidote; P—primary fluid inclusion; S—secondary fluid inclusion
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Fig. 9 Major composition variation of zoned garnet KZK1401-9 (a) and KZK1505-10 (b) in the Shitouzui Cu-Fe deposit
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% 2 AKME Cu-Fe ¥ KRAETFAEN LA-ICP-MS METENNER

Table 2 LA-ICP-MS analytical results of trace elements concentration of garnet from the Shitouzui Cu-Fe deposit

S Grtl Grt2 Grt3
i KZK1401 KZK1401 KZK1505 KZK1401 KZK1401 KZK1401 KZK1505 KZK1505 KZK1505 KZK1505 KZK1505
-9 -9 -10 -9 -9 -9 -10 -10 -10 -10 -10
Li 0.00 0.00 0.00 0.33 0.11 0.22 0.27 0.07 0.15 0.27 0.25
Be 0.00 0.10 0.00 0.11 0.00 0.05 0.18 0.00 0.00 0.00 0.00
B 3.42 4.28 2.65 5.21 5.23 3.90 2.32 4.56 3.04 5.58 5.00
Se 0.80 2.82 0.26 0. 88 1.94 0.73 0.48 0.56 1.34 1.52 1.54
v 57.26 52.47 58.30 527.50 602. 60 328.50 74.59 64.02 35.98 199. 74 201.22
Cr 2.20 9.59 0.62 2.22 5.69 0.00 0.59 0.94 0.91 0.00 0.00
Co 0.52 0.48 0.89 0.88 0.81 0.74 0.54 0.71 0.61 0.91 0.83
Ni 0.00 0.00 0.56 0.13 0.82 0.39 0.00 0.92 0.14 0.05 0.06
Cu 0.20 0.03 0.02 0.00 0.00 0.00 0.12 0.00 0.04 0.00 0.00
Zn 3.15 2.46 3.46 1.37 3.91 4.15 1.77 3.32 1.20 2.62 2.70
Ga 30.20 18.25 15.91 34.93 30.79 34.01 19.20 18.35 7.34 15. 11 15.63
Rb 0.00 0.00 0.14 0.01 0.03 0.00 0.23 0.05 0.00 0.00 0.00
Sr 0.31 0.18 0.19 0.25 0.15 0.19 0.15 0.17 0.21 0.13 0.14
Y 1.67 4.15 4.31 23.07 32.50 15.78 7.20 4.83 8. 47 16. 54 17.10
Zr 9.10 46. 50 8.50 20.77 41.20 11.17 8.08 21.78 43.29 83.63 80.40
Nb 44.58 4.43 36. 18 2.55 0.97 6.08 9.41 2.24 4.16 2.21 1.97
Mo 0.07 0.14 0.18 0.00 0.03 0.07 0.21 0.07 0.00 0.14 0.05
Ag 0.00 0.01 0.02 0.05 0.00 0.00 0.00 0.01 0.01 0.03 0.01
Cd 0.04 0.15 0.16 0.11 0. 00 0. 00 0.09 0.17 0.00 0.11 0.12
Sn 29.85 23.45 30. 05 33.40 23.18 41.89 63.28 19.96 52.58 90. 95 92.40
Sh 0.08 0.04 0.00 0.00 0.01 0.05 0.03 0.00 0.01 0.00 0.00
Cs 0.04 0.00 0.00 0.00 0.00 0.03 0.02 0.03 0.00 0.05 0.00
Ba 0.00 0.00 0.14 0.00 0.00 0.03 0.08 0.00 0.16 0.05 0.03
La 2.68 4.96 2.11 2.05 1.32 2.38 2.63 1.40 2.57 1.36 1.50
Ce 28. 49 43.89 26. 88 25.57 20. 11 30. 05 40.04 18.88 27.93 18.50 18.27
Pr 7.13 10.91 7.31 9.11 6.50 9.29 12.10 5.52 7.32 6.95 7.37
Nd 40. 56 56. 98 42.23 81.64 45.21 70. 11 72.32 35.51 40.34 53.07 49. 81
Sm 8.58 5.58 7.53 31.04 13.53 22.96 12. 15 9.00 5.89 13.18 12. 41
Eu 3.26 3.24 3.22 7.53 3.64 5.87 6.72 3.12 4.25 7.83 7.58
Gd 3.27 1. 84 3.88 19. 82 13.20 20. 44 6.69 3.56 3.68 8.35 7.73
Th 0.15 0.24 0.41 1.91 1.45 1.92 0.56 0.35 0.39 0.85 0.92
Dy 0.42 0.73 1.32 6.18 8.25 6.58 1.98 1.04 1.87 4.07 4. 46
Ho 0.07 0.14 0.22 0.84 1.26 0.64 0.24 0.21 0.34 0.51 0. 60
Er 0.08 0.32 0.40 1.92 3.36 0.97 0.38 0.43 0.74 1.56 1.81
Tm 0.01 0.02 0.03 0.24 0.34 0.10 0.04 0.06 0.13 0.16 0.17
Yb 0.08 0.29 0.27 1.22 2.55 0.37 0.29 0.30 0.49 1.17 1.22
Lu 0.01 0.03 0.02 0.18 0.32 0.03 0.03 0.04 0.07 0.13 0.15
Hf 0.12 0.74 0.22 0.24 1.05 0.16 0.07 0.35 0. 86 1.70 1.89
Ta 0.07 0.56 0.47 0.42 0.15 0.44 0.20 0. 40 0.27 0.37 0.41
W 0.07 0.03 0.33 0.11 0.06 0.02 0.04 0.15 0.00 0.02 0.01
Hg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ph 0.00 0.07 0.07 0.01 0.02 0.07 0.08 0.02 0.03 0.06 0.04
Bi 0.01 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.02 0.08 0.04
Th 1.50 3.53 2.67 0.15 0.83 1.05 1.61 0.89 2.77 1.80 1.74
U 2.49 4.56 7.73 4.43 2.15 2.58 11.42 5.24 15.50 9.81 10. 50
LREE 90. 70 125.56 89.28 156.93 90. 31 140. 67 145.96 73.43 88. 30 100. 90 96. 94
HREE 4.08 3.61 6.56 32.32 30.73 31.05 10.23 5.99 7.70 16. 80 17.06
SREE 94.78 129. 16 95.83 189.25 121. 04 171.71 156. 19 79. 42 96. 00 117.70 114. 00
LREE/HRRE 22.21 34. 80 13.62 4.86 2.94 4.53 14.27 12.25 11. 46 6.00 5.68
SEu 1.56 2.46 1.63 0.87 0.82 0.81 2.07 1.41 2. 60 2.13 2.37
8Ce 1.08 1.06 1.02 0.80 0.89 0.91 0.94 0.96 1.04 0.77 1.35

Y/Ho 25.36 30. 48 19.24 27.49 25.78 24.52 29.42 22.89 25.26 32.13 28.50
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Fig. 10 Diagrams showing characteristics of REE of garnets the Shitouzui deposit ( chondrite data from Sun and
McDonough, 1989)

U 5 LREE #l HREE 7 & 5 [EAH 2% 3¢ & (Jamtveit
and Hervig, 1994; Smith et al. , 2004 ) ,{H7E£7 3k 1H
AHFAY, U5 LREE A1 HREE & & %44 B 2 1Y
AN (JE 10e 10f) , BEFA A IS U A2 DL
A 3R TR BT PR S TBRAE | X 22 4 45 S 19 5% T ] 228 W6 AN
it AL RARTAT U nlGe 5 REE (F¢5]&

BAONHARBCS, B R IE T R ) A B
HEN SR T 17 S SRt [U% "2 Fe”,
AU TY = [Ca 1" +2[Si* 1V (Smith et al. , 2004;
Gasper et al. , 2008; Deng et al. , 2017) , Ht, ARk
U-Pb /EAFZ5 IR 1381 Ma( 8] 11) REAR G MM R A
T BIE B TE]
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Table 3 LA-ICP-MS U-Pb isotope data of garnets from the Shitouzui Cu-Fe deposit
wy/10°° I3 2 Hofi
FEdh > o8 Th/U
Th U Pb 207 Ph/2()() Pb 20 207 Ph/235U 20 206 Ph/238U 20

KZK1401 STZ-2 2.19 6.91 0.16 0.32 0.036 7 0.017 0 0.123 8 0.050 3 0.021 8 0.001 6
KZK1401 STZ-3 3.93 9.59 0.25 0.41 0.066 3 0.0155 0.204 6 0.048 2 0.022 6 0.001 1
KZK1401 STZ-4 6.82 16. 84 0.49 0.41 0.069 7 0.012°5 0.2230 0.040 7 0.023 3 0.000 7
KZK1401 STZ-5 3.97 14.57 0.51 0.27 0.127 1 0.025 1 0.461 0 0.102 0 0.0253 0.001 2
KZK1401 STZ-6 4.38 14.12 0.54 0.31 0.1615 0.028 8 0.610 2 0.1528 0.0257 0.001 7
KZK1401 STZ-7 2.42 17.63 1.32 0.14 0.346 5 0.055 4 1.854 6 0.534 6 0.034 7 0.004 0
KZK1401 STZ-8 5.80 14. 61 0.39 0.40 0.058 3 0.012 0 0.174 4 0.035 4 0.022 1 0.000 8
KZK1401 STZ-9 1.79 15.12 1.13 0.12 0.301 5 0.061 3 1.977 6 0.907 1 0.036 7 0. 006 8
KZK1401 STZ-10 1.97 10.79 2.21 0.18 0.599 9 0.038 0 5.846 7 0.973 4 0.069 0 0. 008 6
KZK1401 STZ-11 3.58 10.97 0.29 0.33 0.074 6 0.0157 0.228 8 0.044 9 0.0230 0.001 2
KZK1401 STZ-12 3.49 10.99 0.28 0.32 0.063 9 0.014 7 0.184 5 0.042 6 0.022 1 0.001 2
KZK1401 STZ-13 16. 37 18. 48 0.56 0.89 0.073 1 0.014 6 0.2396 0.059 5 0.022 3 0.001 0
KZK1401 STZ-14 2.50 19.28 0.43 0.13 0.042 4 0.009 9 0.122 4 0.028 2 0.021 3 0.000 9
KZK1401 STZ-15 3.60 24.11 0.55 0.15 0.056 2 0.009 9 0.161 6 0.026 8 0.021 6 0.000 9
KZK1505-2  STZ-16 3.81 24.32 0.56 0.16 0.044 5 0.008 5 0.1311 0.024 1 0.021 7 0.000 8
KZK1505-2  STZ-17 5.11 29. 64 0.70 0.17 0.052 8 0. 008 4 0.160 1 0.026 1 0.021 6 0.000 8
KZK1505-2  STZ-18 4.08 28.30  0.96 0.14 0.139 8 0.022 4 0.4827 0.082 2 0.024 4 0.001 0
KZK1505-2  STZ-19 6.11 34.97 0.79 0.17 0.050 8 0.007 6 0.148 4 0.023 4 0.021 0 0.000 6
KZK1505-2  STZ-20 5.71 35.88 0.82 0.16 0.042 9 0.005 7 0.1290 0.017 4 0.021 4 0.000 6
KZK1505-2  STZ-21 4.86 20.09 0.48 0.24 0.054 4 0.010 6 0.153 6 0.029 3 0.0213 0.000 9
KZK1505-2  STZ-22 2.71 11.21 0.26 0.24 0.040 7 0.011 9 0.118 3 0.034 5 0.021 6 0.001 1
KZK1505-2  STZ-23 2.16 18.77 0.55 0.11 0.094 7 0.015 8 0.314 8 0.054 9 0.024 1 0.001 0
KZK1505-2  STZ-24 2.38 16.56 0.47 0. 14 0.092 9 0.016 8 0.290 4 0.058 2 0.023 0 0.001 4
KZK1505-2  STZ-25 2.86 21.20  0.48 0.13 0.054 4 0.009 3 0.158 4 0.026 5 0.021 1 0. 000 7
KZK1505-2  STZ-27 4.34 25.73 0.63 0.17 0.046 6 0.006 3 0.144 1 0.019 2 0.0227 0.000 7
KZK1505-3  STZ-28 3.94 28.47 0. 65 0.14 0.048 1 0.009 5 0.144 4 0.027 8 0.022 2 0.000 8
KZK1505-3  S17-29 3.79 28.71 0.67 0.13 0.055 3 0.008 4 0.164 3 0.024 2 0.0220 0.000 7
KZK1505-3  STZ-30 2.12 21.44 0.50 0.10 0.051 2 0.010 4 0.1516 0.031 2 0.0222 0. 000 8
KZK1505-3  STZ-31 3.12 27.69 0.69 0.11 0.056 2 0.009 5 0.172 0 0.026 7 0.0227 0.000 8
KZK1505-3  STZ-32 2.42 16.92 0.42 0.14 0.050 6 0.0116 0.154 5 0.0330 0.023 3 0.001 1
KZK1505-3  STZ-33 3.94 27.39 0. 66 0.14 0.047 9 0.007 5 0.150 4 0.023 6 0.023 0 0.000 8
KZK1505-3  STZ-34 3.82 27.31 0.64 0.14 0.045 9 0.007 4 0.137 2 0.021 9 0.0220 0.000 6
KZK1505-3  STZ-35 4.43 30.25 0.71 0.15 0.046 7 0.006 1 0.142 3 0.0190 0.022 2 0.000 7
KZK1505-3  STZ-36 5.08 27.81 0.63 0.18 0.049 7 0.007 3 0.147 6 0.021 9 0.021 8 0.000 8
KZK1505-3  STZ-37 5.30 25.27 0. 60 0.21 0.047 3 0. 008 3 0.1409 0.023 9 0.022 1 0.000 8

5.2 ABFAMELEXNERT HENIER
5.2.1 pH{H

Bau(1991) W 5¢ & B, 767K 4 A B AR FH o 72 v
pH {E AT LAt Z 52 i 25 BB i3 L oc R 18
FEREIT PR pH AE (6 ~7) T, T A EL AT A1 X & 46
HREE 154 LREE [ REE BC/r A2, H-1EA 7
BURA Eu 5 (8Eu<1) . TESIRME R T (pH<
6~7) , IR P + T R B/ FHIEJ2 LREE AR XS
&4 HREE THHIE Eu 5% (8Eu>1) , 135 IHH
Wb A R AR R Y B R 4 LREE M7 i
HREE (4FE (&l 10a) , 4678 T 55 W PE 0 T R A 5%

WA AR B R A 5 B IE Eu 579 (0Eu =
0.81~2.60,F-¥fH 1.70) (1 10d) . FEF5 RS 1F
T, Eu MBCA M Z 200 C1™ 45 6l ( Bau, 1991) ,
Cl AT L)k EuCl SB35 =l s v Eu® iR
P, I 77 AR B 8 A IE Eu 5% % ( Mayanovic et al. |
2007 ; Gaspar et al. , 2008) . [Hit, £f1kHAAH A1
WA Eu (IESS W38 T ikt a1 s
8, CL BN 2 R a0 K D& /s 7 Es
AR R PR AR, B T DITE B
T 3l (Baker et al., 2004; Zhong et al., 2015,
2018),
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