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Abstract

Tin, as an important strategic resource for the global high-tech industry, is a hot topic for international re-
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search in the field of ore deposit metallogeny and prospecting. The Gejiu Sn deposit, located at the western end of
the non-ferrous metallogenic belt in southeastern Yunnan, has the largest Sn reserves in the world. The deposit
has attracted much attention because of its unique mineralization conditions. In recent years, medium to large-
scale Cu-Sn polymetallic ore bodies have been found within the granite in the western depressional zone of the
Laochang ore field in Gejiu. However, there is a lack of systematic studies on these ore bodies. Based on the anal-
ysis of structural and lithofacies alteration features in key tunnels and drill holes, we observed that Cu-Sn mine-
ralization occurs mainly as quartz-tourmaline-fluorite-sulfide-cassiterite veins wthin the altered porphyritic gran-
ites, or as fluorite-sulfides within the skarn in the contact zone between granite and carbonate rocks, and the LA-
ICP-MS, ICP-MS trace element and Sr-Nd isotopic analysis of fluorites associated with two kinds of mineraliza-
tion were carried out. The results show that the altered granite type fluorite vein has X REE values varying from
7x107 to 749x10° (LA-ICP-MS), and from 45.5x10°° to 77.4x10°° (ICP-MS); it shows strong negative Eu anoma-
lies (8Eu=0.01~0.08) and weak negative Ce anomalies (8Ce=0.56~0.92), (*’Sr/*Sr), varies from 0.709 53 to
0.711 47. Skarn type fluorite has X REE values of 27.2x107° to 1277x10° (LA-ICP-MS) and 29.8x10°° to 161 x
10°°(ICP-MS), significant negative Eu anomaly (8Eu=0.01~0.19) and weak negative Ce anomaly (5Ce=0.44~
1.05), the (*'Sr/*Sr), varies from 0.708 70 to 0.715 53. A comprehensive analysis suggests that both altered granite
type vein fluorite and skarn type fluorite were formed in transitional environment from oxidation to reduction,
and are the products of magmatic hydrothermal activity. The two types of fluorites were formed almost contempo-
raneously, and the Ca of the skarn-type fluorite is derived from the Laoka equal-grained granite and carbonate
strata, but the Ca of the altered granite type fluorite is mainly derived from the Laoka equal-grained granite. In
summary, the porphyritic granite in the western depressional zone of the Laochang ore field is an early-stage mar-
ginal body of the Laoka equal-grained granite, which provided fluid transport channels and emplacement space.
When the late stage fluid ascending and emplacing along the fault, the Cu-Sn polymetallic ore bodies formed in-
side the porphyritic granite in the western depressional zone of the Laochang. This study can provide important
theoretical guidance for increasing reserves in deep and peripheral areas of Gejiu and the next step prospecting di-
rection of Sn ore belt in southeastern Yunnan.

Key words: geology, Cu-Sn polymetallic deposit, altered granite type, fluorite, trace elements, Sr-Nd iso-

tope, Gejiu, Yunnan
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g. Fluorite-sulfide vein; h. Quartz-tourmaline-fluorite vein
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a, b. Fluorite and cassiterite intergrowth in skarn sulfide ore; ¢, d. Granular cassiterite and pyrite-fluorite coexist in skarn sulfide ore; e, f. Cassiterite,

fluorite and pyrite coexist in skarn sulfide ore; g, h. Cassiterite particles in skarn sulfide ore are distributed between grains of fluorite and sulfide;

i, j. Fluorite-cassiterite-sulfide veins in altered granite; k, 1. Quartz-fluorite-tourmaline-ulfide veins in the altered granite
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Table2 In-situ trace element analytical results of fluorites from the Xi’ao Cu-Sn polymetallic deposit in Gejiu, Yunan
) w(B)/10°6
WMAKHE BN
Pb Rb Ba Th U Nb Ta Sr Zr Hf Y
0422-1-01 1.39 0.064 0.608 0.274 0.069 0.028 0.010 29.7 0.091 0.057 20.0
0422-1-02 0.911 0.109 0.370 0.018 0.103 0.016 0.021 35.0 11.1 / 17.6
0422-1-03 2.10 1.010 0.778 6.01 1.02 0.006 0.014 36.7 / 0.022 23.2
0422-1-04 1.90 0.267 / 4.00 0.066 0.029 0.009 35.8 0.174 / 322
0422-2-01 11.9 0.039 1.360 6.02 1.10 0.034 0.011 30.0 0.389 0.040 366
0422-2-02 2.64 0.046 0.503 1.03 0.043 / 0.005 37.8 0.836 0.144 498
AR AE
ey 0422-2-03 3.10 0.628 2.030 10.0 2.09 0.006 0.063 33.0 0.353 / 405
0422-2-04 1.43 0.037 0.631 0.519 0.017 0.033 0.005 46.3 0.300 0.037 108
0703-7-01 5.26 1.010 0.153 3.92 1.01 0.017 0.013 26.2 2.01 0.103 40.0
0703-7-02 6.73 0.393 / 4.07 1.01 0.012 0.163 61.6 0.788 / 218
0703-7-03 2.64 0.099 0.918 0.195 1.10 / 0.216 82.3 / 0.038 554
0703-7-04 3.36 0.207 1.620 1.26 1.01 0.048 0.011 38.2 1.15 / 347
SEYE 3.61 0.326 0.897 3.11 0.720 0.023 0.045 41.1 1.72 0.063 219
0703-6-01 0.283 0.055 0.418 0.255 0.004 0.014 0.003 25.5 0.019 0.048 298
0703-6-02 11.0 0.290 0.108 4.83 1.46 0.043 0.037 61.2 0.907 0.215 237
0703-6-03 1.40 0.109 0.759 0.531 0.366 0.076 / 31.3 3.38 0.139 357
0703-6-04 16.3 6.410 1.710 6.02 1.31 0.148 / 342 1.89 1.66 231
0703-6-05 0.490 0.063 0.346 0.064 / / 0.019 45.4 0.166 0.113 174
0704-8-01 1.74 0.230 0.831 0.889 0.056 / 0.036 30.2 0.177 0.252 91.1
0704-8-02 0.910 0.072 0.336 0.234 / 0.033 0.015 41.5 0.074 0.072 507
P 0704-8-03 1.40 0.331 1.260 2.60 0.554 0.037 / 45.5 0.787 0.155 382
0704-8-04 0.785 0.091 1.040 4.60 0.182 0.056 0.010 69.9 5.76 1.63 102
0704-8-05 1.84 0.040 0.832 2.52 0.377 0.029 0.009 342 1.13 0.187 169
0704-7-01 3.12 0.608 0.949 1.18 0.273 0.127 0.034 45.2 6.18 3.86 355
0704-7-02 1.43 0.176 / 2.64 0.793 0.038 / 46.8 / 0.277 377
0704-7-03 17.2 0.787 1.130 4.55 1.54 0.004 0.032 137 0.402 0.093 204
0704-7-04 12.0 0.354 1.030 5.21 0.930 0.227 0.048 56.6 2.21 0.093 63.3
0704-7-05 1.14 0.112 1.100 0.22 0.417 0.081 0.045 51.2 0.413 0.061 62.0
SEYE 4.74 0.649 0.846 2.42 0.636 0.070 0.026 50.4 1.68 0.590 241

TR R TR R

161) x 107, 3F- 1724 68.8x 107, SLREE/SHREE i
0.50~3.26, -3 4 1.41, (La/Yb)y i} 0.24~2.53, F
1707099, (La/Sm) {H 4 0.44~2.43 , -4 4 1.06, (Gd/
Yb)y fH K 0.81~1.35, -3y 1.01, 3Eu {H K 0.03~
0.07, V- 344 0.04, 5Ce fH & 0.44~0.96, *F- ¥ 2y 0.79
(#F£2),

K FH ERHRL B A7 (Taylor et al., 1985 ) X1z [X 2 Fii g
AU B A TRR AR 5 (B 5) , 2 Fh AT 5 2% i 345
AR A8 1) 5 B A A S R A T A A U
AR — B, BRI UG R 2 e o 38 HLA
BN SRR, LG A X 2 R SRR 1 5 A A

H 5 2R BERAE A 55 070 55 A 0T A8 0 4
ANI], W 7R SRR 4 P RE 5 B R )
42 MERTE

JRAE R A i A 46 5 7 AL 41 Rb . Th U \Nb,
Ta Hf %570 % it it 70 BRI, B3R sl IR T 1107,
w(Y)H (17.6~554) %1070, F-35 4 2191005 iy < 4 7l
i £1 Rb.Ba .U .Nb,Ta Hf % 70 & ¥4 3 sl fIL T 1%
1076, w(Y) K (62~507) x 1070, V- 35 4 241 x 1076, 7 AF
ARAS A Y- S A KB A7 1) Ba  Th U \Nb  Ta 5%
JC & R 2 BUSE T 10x1075, w(Y) K (126~183) x
1076, P15 152x1076; % < # #%E 41 Ba . Th U \Nb,
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Table3 ICP-MS trace and rare earth element analytical results (w(B)/10™) of fluorites from the Xi’ao Cu-Sn polymetallic

deposit in Gejiu, Yunan

d 0422-1 0422—2,’ 0421—3 A0422—4 0703-7 A 0704-5  0704-6 0704%-7 A 0704-8 0706-2 0703-6 Pl
A 4K e i+ 1
La 8.13 6.28 4.30 4.94 1.91 5.11 17.3 10.8 1.96 5.99 1.55 4.77 7.06
Ce 19.4 13.1 9.36 11.8 15.1 13.8 17.0 22.6 4.26 10.7 3.48 10.1 11.4
Pr 2.98 2.14 1.54 2.16 0.967 1.96 4.87 2.71 0.705 1.72 0.588 1.62 2.04
Nd 16.0 12.9 9.48 13.9 17.0 13.9 222 10.8 4.74 10.4 4.07 9.32 10.3
Sm 4.75 4.23 3.65 5.80 3.27 4.34 8.52 2.78 2.82 5.32 1.86 3.13 4.07
Eu 0.134 0.102 0.099 0.148 0.103 0.117 0.101 0.038 0.043 0.087 0.035 0.076 0.063
Gd 6.47 491 4.70 6.83 4.74 5.53 14.0 3.47 5.90 8.96 4.14 3.62 6.68
Tb 1.25 0.705 0.693 1.15 0.742 0.908 2.61 0.594 1.05 1.59 0.693 0.551 1.18
Dy 7.28 4.05 4.17 7.47 4.44 5.48 18.7 3.63 7.34 9.68 4.40 2.96 7.79
Ho 1.58 0.847 0.938 1.63 0.935 1.19 3.93 0.848 1.74 2.09 1.09 0.625 1.72
Er 4.46 2.67 2.78 5.28 2.74 3.59 13.0 2.82 5.55 6.36 3.40 2.01 5.52
Tm 0.593 0.364 0.403 0.818 0.400 0.516 1.93 0.416 0.806 1.02 0.486 0.302 0.827
Yb 3.80 2.44 2.87 6.22 2.77 3.62 14.1 2.88 5.47 7.13 3.34 2.18 5.85
Lu 0.577 0.420 0.472 1.09 0.459 0.604 2.30 0.511 1.000 1.18 0.640 0.412 1.01
Pb 19.4 2.31 47.7 27.6 3.09 20.0 0.665 0.208 0.457 0.258 0.289 48.1 8.33
Rb 0.609 2.56 19.5 25.5 117 33.0 155 0.984 62.3 51.5 45.9 15.7 55.2
Ba 1.14 1.51 3.37 4.10 32.7 8.56 0.852 0.130 1.92 2.42 1.37 3.03 1.62
Th 1.29 2.01 2.38 2.81 22.0 6.10 0.353 0.315 0.019 0.063 0.047 0.402 0.200
U 0.130 0.127 5.23 2.04 13.4 4.20 3.84 0.056 0.044 0.822 0.881 0.389 1.01
Nb 0.230 0.193 0.447 0.520 4.80 1.24 1.51 0.080 0.451 0.390 0.470 0.525 0.571
Ta 0.022 0.036 0.055 0.042 0.647 0.160 0.247 0.017 0.126 0.049 0.081 0.104 0.104
Sr 83.4 38.1 37.6 33.6 40.8 46.7 67.3 59.2 64.6 95.0 59.9 42.6 64.8
Zr 0.101 0.208 133 0.270 36.8 10.1 4.72 0.067 0.849 2.31 0.683 0.739 1.56
Hf 0.060 0.041 0.542 0.072 2:17 0.577 0.318 0.026 0.087 0.150 0.052 0.111 0.124
Ti 0.408 0.482 0.257 0.190 1.17 0.501 2.24 0.455 1.13 2.38 0.866 0.133 1.20
Y 174 134 145 183 126 152 249 180 159 187 197 199 195
La/Yb 1.45 1.74 1.02 0.54 0.47 1.04 0.83 2.53 0.24 0.57 0.31 1.48 0.99
La/Sm 1.08 0.93 0.74 0.54 0.37 0.73 1.28 243 0.44 0.71 0.53 0.96 1.06
Gd/Yb 1.38 1.63 1.33 0.89 1.39 1.32 0.81 0.98 0.87 1.02 1.00 1.35 1.01
> REE 77.4 55.1 455 69.3 55.6 60.6 161 64.8 43.4 72.2 29.8 41.7 68.8
> LREE 51.4 38.7 28.4 38.8 383 39.1 60.0 49.6 14.5 342 11.6 29.0 33.2
> HREE 26.0 16.4 17.0 30.5 17.2 21.4 70.6 15.2 28.9 38.0 18.2 12.7 30.6
SEu 0.07 0.07 0.07 0.07 0.08 0.07 0.03 0.04 0.03 0.04 0.04 0.07 0.04
5Ce 0.92 0.83 0.85 0.84 0.86 0.86 0.44 0.96 0.85 0.77 0.85 0.85 0.79

T LU 1,

Ta.Zr Hf %5 JC 3 it 2 40 B4 3 sl T 11076, BY
AR T AR AL B 5 AT, w0(Y) R (159~249)x10°°,
SF-250R 195% 1076, ARk il 2 2875 A7 (T RAIG, 43
AR (0.19~1.17)x1070F1(0.133~2.38)x1076,,

I R 2 2R A i b B o 4K (Sun et al,
1989) Kl fift 5 K AL B E 4 b, Ta Zr JHE Ti TG %
H BT E R AR, o) MART e, B2 28586

Tl JC R & AR AR AL, W R 2 285 A L]
e A R IE (B 6) o
4.3 Sr-Nd E{I%

2 B uE A1 1Y Sr-Nd [A A7 28 M 45 3R U3k 4, Horp
fiy R B AT 1 w(Rb) A (0.984~155) <1070, ~F-1
55.2x107%; w(Sr) A (59.2~95.0) x 1076, -5y 64.8 x
10763 87Rb/%Sr HL{E N 0.048 06~6.649 41, I H it
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K5 AP35 226 R AT PRE A R 0T 3R e R CIE] (BRIEFL(ELE Taylor et al. 1985 ; 4E 5 & &dli 5| F Cheng et al.,2010)

Fig.5 Normalized REE patterns of fluorites from the Xi’ao Cu-Sn polymetallic deposit in Gejiu, Yunan (chondrite normalized

values from Taylot et al., 1985; granite data are from Cheng et al.,2010)

(K47 4 ¥7St/%Sr HL A M 0.708 70~0.715 53, H:iw(Sm)
7 (1.86~8.52) x 107, °F- 37 3. 4.07 x 1075 w(Nd) 4
(4.07~22.2)x107°, 3294 10.3x1076; 47Sm/“Nd
90.156 48~0.308 42,3Nd/"“Nd I 4 0.512 19~
0.512 29, 51 exg(0)H 4 (-8.51)~(-8.03) F£fl 1Y
IR 7Sr/%Sr HUAE RN exg(0)[EFH 5 52 A1 25 VI AH S 7
AT AR TR

Tl AR A8 B 7 Y w(Rb) A (0.609~117) x
1076, - 4424 33.0x1076;0(Sr) K (33.6~83.4) x 107, F
Y8l 46.7x1076;8Rb/%Sr F A 4 0.021 13~2.200
08, Ff H. Fr 11 5 1% 477 4 ¥7Sr /4°Sr e AE A 0.709 53~
0.711 47, H w(Sm) K (3.27~5.80) x 1076, ¢ 14 Ky
4.34%107%; w(Nd)H (9.48~17.0) x 1076, - 14 4y 13.9x
1076;47Sm/M4Nd HAB 4 0.179 04~0.281 30, “3Nd/'*Nd
FEAE R 0.512 18~0.512 25, TT 511 ena(t)E K (-8.96)~

(—8.45) FEH BIRIUG 7St/*0St LU AH FN eny(e)E 5758
AEVIASE AL b I AR I 357

5 1 &

51 =AKE

X5 A7 R ST [ N Ah 322K ] Y /Ho-La/
Ho % Tb/La-Tb/Ca Kl f# 53 17 . Bau % (1995) W 5%
1% % Tannenboden " K Al Beihiife B IR A &% A1 B F -
M ER AL 2% 2t B A L R B 3 A Y /Ho 5
La/Ho FUAE HA AL , i B2 4% 54 A9 7 41 La/Ho tb
AR A A, [ U5 5% A4 19 Y /Ho LB AR 4 A A8, Yy
Ho-La/Ho KA 52 7KF-43 45 (Bau et al.,1995) . Tb/La-
Tb/Ca AL & X R K fift & Moller 45 (1976) 3 F X 4
BR 150 248 A0 PRIGAIFFE FE Al 148 H ok 1978 4
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Table4 Sr-Nd isotopic analytical results of fluorites from the Xi’ao Cu-Sn polymetallic deposit in Gejiu, Yunan

. FEf w(B)/10¢  ¥Rb/  Sr/ w(B)Y10°¢  19Sm/  BNd/ ("Nd/ Lo
2R t/Ma ————— 26 I, —— £xg(0)  Exy(0)
'z Rb  Sr  %Sr 86Sr Sm Nd Nd  'Nd 14Nd), /Ma
0704-5 83 155 67.3 6.64941 0.71553 0.000004 0.70769 8.52 22.2 0.23241 0.51222 0.000008 0.51209 -8.13 -8.51 1579
0704-6 83 0.984 59.2 0.04806 0.70870 0.000004 0.70864 2.78 10.8 0.15648 0.51219 0.000009 0.51210 -8.82 -8.39 1569
Wk 07047 83 623 64.6 2.78906 0.71178 0.000005 0.70849 2.82 4.74 - - - - - - -
I 0704-8 83 51.5 95.0 1.56775 0.71030 0.000004 0.70846 532 10.4 0.30842 0.51229 0.000011 0.51212 -6.85 -8.03 1539
0706-2 83 459 59.9 221827 0.71135 0.000005 0.71135 1.86 4.07 - - - - - - -
0703-6 83 157 42.6 - - - - 313 932 0.20285 0.51221 0.000010 0.51210 -8.35 -8.42 1571
0422-1 83 0.609 83.4 0.02113 0.71005 0.000005 0.71002 4.75 16.0 0.17904 0.51219 0.000008 0.51210 -8.66 -8.48 1576
phAF 04222 83 2.56 38.1 0.19418 0.70953 0.000005 0.70930 4.23 12.9 0.19883 0.51218 0.000010 0.51207 -8.93 -8.96 1615
TER 04223 83 19.5 37.6 1.50245 0.71073 0.000004 0.70896 3.65 9.48 0.23273 0.51222 0.000009 0.51209 -8.17 -8.56 1582
I 0422-4 83 255 33.6 220008 0.71147 0.000004 0.70887 5.80 13.9 0.25126 0.51223 0.000010 0.51210 -7.90 -8.48 1576
0703-7 83 117 408 - - - - 327 17.0 028130 0.51225 0.000013 0.51210 -7.55 -8.45 1573

E - R AR .

1000 |
100
10
g
2 1
ﬁ
iy
=
0.1
e
001 T wmimmEhn
Altered granite type fluorite
5 R B4 A
0.001 Skarn type fluorite
w oC RAERLIE K2
Laoka equal-grained granite
0.0001

Rb Ba Th U Nb Ta La Ce Sr Nd Zr Hf Sm Eu Ti Gd Tb Dy Y Ho Er Tm Yb Lu

6 AN HPY M -35 2 4 T8 B R A e o0 28 Wk 0 P (bR AL Sun et al., 1989 ; 48 5 %A 55 5| H Cheng et al.,2010)

Fig.6 The trace element spider diagram of fluorites from the Xi’ao Cu-Sn polymetallic deposit in Gejiu, Yunan(standar dvalues for

primitive mantle are from Sun et al.,1989; granite data are from Cheng et al., 2010)

PRI, o, Th/Ca IR P AR T A 45
i I A Al 22 IR AT R R 48 7R 3 3L ; Th/La Y Ji F
AR S e 1 a4k v REE B 70 AR B2 L 4571
B I ARTE ik 38 v 5 Rl 7 A W AR TR e VR T
B U0 43 H0 3 B ER 9 3 A4S DX 2 X A
TRIXFIHURLX (Mbller et al.,1976) .

XF ph AR A8 B B g A S5 R A A BE 7E La/
Ho-Y/Ho 4745 A5 (& 8) , 2 = R & A1 K2

B H% i, Y/Ho 5 La/Ho Fb B 23 A 35 il 2
H — AL, B AE La/Ho {5 K (1~100)x 1076 75 [l
P, R i o A B A W B A 25 Sk R HLAE ICP-MS
Vs BE A B 4 B P P, 2 B R R ) 43 A
(&1 8b) , iz FR M1 136 B il A5 48 1 5 AU 5 41 FLRY R 2
AT ) IR VR AR AR, LR S e 2 i A BT E
g3 WA B, T LA-ICP-MS 32 45 S K v,
AR AE b 7 A A7 43 A E 2 A4 X8, 1% 3878 A T g
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Fig.7 Sr-Nd isotopic diagram of fluorites and granites from the Xi’ao Cu-Sn polymetallic deposit in Gejiu, Yunan(granite data are
from Cheng et al., 2010)

a. Diagram of g,,(t) versus (¥’Sr/**Sr),; b. Diagram of (*’Sr/*°Sr), versus (*’Rb/**Sr); ¢: Diagram of &,,(t) versus t/Ma

FEWBIE (K 8a) o BLAh, 2 8758 A RE S 28
AR X8 (8] 9), B T4 R 25 U7 A 34> s S i
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a. In situ analysis; b. Chemical analysis
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