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A typomorphic study of sphalerite from the Hutouya Pb-Zn deposit

in Qinghai Province

LEI Hao, WANG Zhi-lin, LU An-huai, GU Xiang-ping and YI Li-wen
(School of Geosciences and Info-Physics, Central South University, Changsha 410083, China)

Abstract: The Hutouya Pb-Zn ore deposit in Qinghai Province, a typical skarn polymetallic deposit in the Qi-
mantag metallogenic belt, is characterized by intense magmatism and a combination of Fe, Cu, Mo, Pb, Zn and

some other metallogenic elements. In this paper the authors studied in detail the typomorphic characteristics of

chemical composition of sphalerite in this deposit by electron microprobe analysis so as to investigate the distribu-

tion and enrichment patterns of Fe and Cd in sphalerite from this deposit. Microscopic observations show that

sphalerite can be divided into three generations varying in color from black to light yellow gradually. According-

ly, distinct mineral assemblages of ores are characterized by the variation from sphalerite-(galena-chalcopyrite)-

pyrite-pyrrhotite through sphalerite-galena-chalcopyrite-pyrite-( pyrrhotite )

to spalerite-galena-calcite ( or

quartz). Electron microprobe analyses suggest that the early-stage sphalerite exhibits enrichment of Fe and
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depletion of Zn, Cd. In contrast, the late-stage sphalerite shows relative depletion of Fe and enrichment of Zn,
Cd. A range of ore-forming temperatures from 148 to 262°C is estimated according to the content of FeS in the
sphalerite. The deceasing content of FeS in the spahlerite in the three generations is consistent with the corre-
sponding decrease of ore-forming temperatures, namely from 262 ~258C through 260~200C to 248 ~148TC .
In combination with the sphalerite Zn/Cd ratios, it is suggested that the Hutouya Pb-Zn deposit is a mesother-
mal deposit. Spatially, the flowing direction of the hydrothermal flux in this deposit was consistent with the
strike of the orebody from NWW to SEE. Zn increased, Fe decreased, and the range of Zn/Cd ratios increased
in the flow direction. The Zn, Fe, Mn elements of sphalerite in the Hutouya Pb-Zn deposit show characteristics
of the typical skarn (magmatic hydrothermal) deposit, obviously different from things of SEDEX deposits,
stratabound deposits, hydrothermal and hot brine mixed zinc deposits. Coupled with the geological characteris-
tics and ore-forming processes, the authors hold that the Hutouya Zn-Pb deposit is a mesothermal skarn-type
one.

Key words: sphalerite; skarn; typomorphic typomorphic characteristics; Hutouya Pb-Zn deposit
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Fig. 1 Simplified geological map of the Hutouya Ph-Zn deposit (after Feng Chengyou ez al.» 2011a)
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Fig. 2 Sphalerite of three generations and typical minerals in the Hutouya Ph-Zn deposit
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a—striped sphalerite of the first generation polished section b—disseminated sphalerite of the second generation polished section c—disseminated

sphalerite of the third generation reflected light d—xenomorphic-granular pyrrhotite replacing sphalerite reflected light e—sphalerite character-

ized by chalcopyrite-zoning texture reflected light f—xenomorphic sphalerite showing well-developed fissures reflected light g—sphalerite inter-

growing with pyrite framboids reflected light h—exsolution of oriented droplet-like chalcopyrite in sphalerite reflected light i—sphalerite re-

placed by gangue minerals reflected light j—exsolved chalcopyrite displaying zoning texture reflected light k—exsolved chalcopyrite with zoning

texture and chalcopyrite replacing sphalerite reflected light l—sphalerite replaced by gangue minerals showing well—developed fractures reflected
light Sp—sphalerite Ccp—chalcopyrite Py—pyrite Po—pyrrhotite
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Table 1 Electron microprobe analyses of sphalerite from the Hutouya Ph-Zn deposit
S 7n Fe Cd Mn Total

3950-9-1  32.180  59.067  8.149 0.424 0.263  100.083 Zno oFen 145Cdo 00sMng 005 10545
395092 33.549  56.548  8.738 0.351 0.314  99.500 Zno. 527Fey 15Cdo. 003Mng 005 09855
395093  34.185  56.879 8.837 0.208 0.341  100.450 Zng.s16Fe0. 143Cdo. 002Mno. 006 0.9725
4000-7a-1  33.742 55.873 10.962 0.355 0.090 101.022 Zng. g12Fey 157Cdg. 003Mng. 002 1.003S
4000-7a-2  33.693  56.563  10.643  0.307 0.115  101.321 Zng s3Fe0. 151Cdy. 003sMno. 002 1.000S
4000-7c-1  32.478  56.670  10.415  0.246 0.098  99.907 Zno. ss6Fe0.18:Cdo 002Mo 002 1 0445

1 4000-7¢c2 33.385  55.659  9.426 0.340 0.193  99.003 Zno s18Fe0. 162Cdo. 003Mng. 003 0,986
4000-7¢-3  34.081  57.424 9.245 0.304 0.131  101.185 Zng.s26Fe0. 156Cdo. 003Mno. 002 0.9875
4000-27-1 33.548  57.624  8.362 0.333 0.000  99.867 Zng ssFen 1500 005 0 085
4000272  33.515  57.777  8.033 0.269 0.059  99.653 Zno sasFeo. 13sCdo. 002Mng. 001 0.987S
4000-27-3  33.624  57.435 8.305 0.409 0.000 99.773 Zng.s38Fe0. 142Cdo. 003 0,983
4000-16-1 34.108  59.126  6.548 0.361 0.332  100.475 Zno.ssFe0 11Cdo 00sMny 006 0,060
4100-16-2  34.061 58.359 6.853 0.375 0.311 99.959 Zng gaFey 116Cdy. 003Mng 05 0,964
4100-16-3  33.023  60.350 6.622 0.463 0.290  100.748 Zng.s96Fe0. 115Cdo. 004Mno. 005 1.0215
3950-3-1  33.152  59.116  7.060 0.432 0.285  100.045 Zng 5755 122Cdy 00:Mnog 005 1.006S
3950-3-2  33.154  60.550 6.799 0.434 0.271 101.208 Zng sosFeq 118Cdo. 004Mng 05 1.0225
3950-4-1  32.821  61.337  3.925 0.339 0.001 98.423 700 017F60 060Cdo 003 0 0865
395042 33.393  62.678  3.872 0.354 0.004  100.301 7ng.921Fen.067Cdo 003 0,995
3950-4-3  33.239  61.563 4.138 0.425 0.000 99.365 Zng.909Fe0.071Cdlo. 004 0.9845
3950-5-1  33.306  61.178  4.744 0.406 0.207  99.841 71,001 Fen 02Cdo 00sMng 008 0,065
3950-5-2  31.961  63.152  5.191 0.428 0.289  101.021 Zno.9s0Fe0.093Cdo. 004Mng. 05 10725
3950-5-3  32.609  63.365 5.155 0.320 0.298  101.747 Zng.953Fe0.091 Cdly. 003Mng. 005 1.0525
4000-1-1  33.411  62.648  4.998 0.402 0.524  101.983 Zng 92Feg 056Cdo.00sMno. 00 1.018S
4000-1-2 33.535 61.301 _5.097 0.340 0.768 101.041 Zny g97Fe). 087Cdy. 003Mng, 013 1S
4000-2-1  32.914  60.956  5.583 0.396 0.781  100.630 Zn0.005F ¢ 097Cdo 003Mmo. 014 10235
4000-2-2 32.815 58.536 7.611 0.327 0.940 100.229 Zng. g75Feg. 133Cdo.003Mng. 017 1.0285
4000-6a-1  33.682  58.735  7.291 0.365 0.603  100.676 Zng sssFeo. 124Cdy.00sMng. o1 0,993

2 74&0076&2 '_33.380 57.936 8.201 0.412 0.943 100.872 Zng.gs1Feq. 141Cdo. 004Mng. 016 1.0125
4000 9a-1  34.202  62.164  3.043 0.351 0.660  100.420 Zno.s9oFen 051Cdo.00sMny 011 0,057
4000-9a-2  33.259  63.815  2.992 0.389 0.523  100.978 Zng.o31Feq.052Cdy. 003Mng. 009 1.005S
4000-9a-3  33.643  62.756 2.788 0.379 0.546  100.112 Zng.915Feg.94sCdy. 003Mng. 009 0.9755
4000-18-1  33.130  61.491 4.657 0.427 0.026  99.731 Zno.01Fen 0s1Cdy 00s 0.905S
4000-18-2  33.647  59.581 5.289 0.399 0.134  99.050 Zno se0Fe0.00Cdo.003Mno. 002 0,965
4000-18-3 33.531  61.863 5.183 0.424 0.005  101.006 Zng.905Fe0.059Cdlo. 004 0.9975
4000-19-1 33.035  61.324  5.161 0.446 0.220  100.186 Zno o11Fe0.00Cdo.004Mno. 004 1.008S
4000-19-2  33.037 63.031 3.542 0.501 0.158 100. 269 Zng.936Fey. 062Cdo.004Mng. 003 1.005S
4000-20-1 33.177  62.183  4.408 0.262 0.212  100.242 Zno.019Fen 176Cdo.0Mny 00s 10005
4000202 33.161  62.667  4.708 0.317 0.000  100.853 Zng 927Fe0.05:Cdo 003 1.011S
4000-20-3  33.386  62.125 4.528 0.315 0.042  100.396 Zny.913F ey 075Cdo.003Mno. 001 0.994S
4000-22-1  33.006  62.995  3.512 0.484 0.159  100.156 Zn0.036F¢0 061 Cdo.oosMny 003 1.004S
4000222 33.105  62.647  3.886 0.419 0.234  100.291 Zng. 928Fe0.067Cd. 004Mng. 004 1.005S
4000-22-3  32.956  63.315 3.735 0.515 0.171 100. 692 Zng 9p2Feg 065Cdo 004Mng 003 1.0155
3950-7-1  33.473  61.041 5.401 0.327 0.157  100.399 Zno s95Fe0.093Cdo. 003Mno. 003 0,993
3950-7-2 33.027 60.523 5.384 0.348 0.212 100.094 Zny._s33Fey.092Cdo.003Mng. 004 0.9815
3950-8-1  32.848  61.877  4.447 0.410 0.031 99.613 Zn0.095Fe0 075Cdo.00sMny 001 1.006S
3950-8-2  33.011  61.798  4.321 0.402 0.016  99.548 Zno 915Fe0.075Cdo. 003 0,997
3950-8-3  32.768  61.841 3.944 0.372 0.051 98.976 Zny. 926Feq. 069Cdo.003Mno. 001 0.9995
4000-5-1  32.283  63.258  3.014 0.330 0.037  98.922 700,061 Fe0 05:Cdo.0sMny 001 10185
4000-52  32.602  62.338  3.793 0.386 0.033  99.152 Zny.938Fe).067Cd. 003Mng. 001 1.000S
4000-5-3  32.498  62.207  3.547 0.319 0.067  98.638 Zng_939Feq.063Cdy 003Mno 001 1.0065
4000-21-1  33.533  60.566  5.376 0.312 0.011 99.798 Zno_ss6Fen 102Cdo o3 00519
4000212 32.879  61.004  5.541 0.343 0.009  99.776 Zng.91Feq.007Cdo.003 1.01S
4000-21-3  33.245  61.539 5.323 0.373 0.000  100.480 Zng.905Fe0.092Cdlo. 003 1.0035
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1
Continued Table 1
S 7Zn Fe Cd Mn Total
4000-23-1 33.553  61.706  3.850 0.381 0.005  99.495 7o o02F 0. 06sCclo o3 0.971S
4000-23-2  33.758  59.974  6.403 0.342 0.003  100.480 Zno.s11Feq. 100Cdo. 003 0,083
4000-23-3  31.188  61.553  5.010 0.311 0.035  98.097 Zny.96sFe0. 002Cdo.003Mno. 001 10645
4100-5-1  33.647  64.834  1.297 0.251 0.178  100.207 7 0asFen. 0 Cdlo.00sMno 003 0,978
4100-5-2 33.616 64.548 1.171 0.356 0.065 99.756 Zng.942Feq.0oCdy. 003Mng. 001 0.9665
4100-5-3  33.791  64.317 1.508 0.326 0.147  100.089 Zng.934Feq.026Cdlo. 003Mno. 003 0.9655
4100-10-1  33.471  62.748  4.231 0.234 0.000  100.684 7o 05Fen 173Cdo o> 00058
4100-10-2  33.384  61.569  4.185 0.284 0.018  99.440 Zno.005Fe0 07:Cdo 002 09708
4100-10-3  33.690  61.997  3.955 0.329 0.014  99.985 Zno.g03Fe0.067Cdo. 003 0.9735
4100-12-1  33.098  60.774  5.818 0.420 0.382  100.492 71 901F 0. 101Cdo.00sMo. 007 10125
4100-12-2  33.017  61.251 4.527 0.351 0.163 99.309 Zny.91Feg.079Cdo.003Mng. 003 0.9955
4100-13-1  33.135  59.902  4.577 0.306 0.233  98.153 7o 5570 079Cdo. 00sMno 03 0,975
4100-13-2  33.004  63.284  4.823 0.399 0.182  101.692 Zno.onFeo 08:Cdo 003Mmo. 003 1.051S
4100-13-3  32.665  63.858  4.804 0.378 0.191  101.896 Zng.os9Fe0.084Cdo 00sMno.003 1.05S
4100-17-1  33.509  61.973  4.043 0.343 0.000  99.868 7110 007 Fe0.06sCel. 003 0.076S
3 410071772 33. 958 o01. 981 3. 971 0. 343 0. 000 100. 253 Zno_sgfpen,n(ﬁ(:do_ 003 0 \,(,55
4100-17-3  33.038  61.088  4.052 0.308 0.005  98.491 Zng.o078%e0.07Cdo. 003 0.985
4100-22-1  33.969  61.678  3.311 0.185 0.353  99.496 Z <01 Feo. 05sCclo.00sMno 06 0,958
4100-22-2  33.366  62.179  3.441 0.207 0.193  99.386 710.013Fe0 059Cdo 00aMmp 003 0,975
4100-22-3  33.884  61.049  3.867 0.203  0.161  99.165 Zn.ss4Fe0.006Cdo.002Mno.003 0.9545
4100-23-1 32.338  65.353  2.554 0.432 0.204  100.881 71 001 Fet. 055Cco. 00sMno o0s 1 0048
4100-23-2  33.362  63.106  2.770 0.374 0.215  99.827 70 025F 0 0sCdo 003Mmo 004 00825
4100233 33.961  63.427  2.739 0.286 0.126  100.539 Zno.916F0.046Cdo.002Mno.002 0.9675
4100-25-1 33.680  64.089  3.652 0.303 0.000  101.724 10 033F¢0 062Cclo 005 00955
4100-25-2  33.214  62.823  3.604 0.413 0.000  100.054 Zng.02sF e, 062Cdo. 004 0,004
4100-25-3  33.790  63.338  3.617 0.315 0.002  101.062 Zno.910Fe9. 061 Cdo.003 0.9845
4100-27-1  33.120  63.773  2.368 0.333 0.000  99.594 7o 00sFe0.01Celo o3 09558
4100-27-2  33.236  64.250  2.439 0.288 0.000  100.213 Zng.ousFe 062Cd. 002 0,003
4100-27-3 33.066  62.952  3.056 0.325 0.034  99.432 Zno. 033F e, 053Cdo. 003Mng g1 0,095
4100-29-1  32.432  64.643  2.620 0.366 0.160  100.221 Zno.975F¢0 056Cdo 003Mno.003 1,039
4100-29-2  31.741 64.535 3.173 0.297 0.135 99.881 Zng.997F ey 057Cdy. 003Mng 002 1.06S
S 1 3950- 4000- 4100- 3950 4000
4100
Cd 0.185% ~0.515% 0.353% Mn 3.2 Fe
0~0.943% 0.183%
S Zn Fe Cd 32.180% Fe 1 Fe
~ 34.185% 55.873% ~— 60.350% 6.548% —~ 6.622% ~—10.962 % 2
10.962% 0.208% ~0.463% Fe 2.788% ~7.611% 3
31.961% —34.202% 58.536% — Fe 1.171% —6.403%
63.815% 2.788% ~8.201% 0.262% ~0.515% 1 2 3
31.188% ~ Fe
33.969% 59.902% ~ 64.834% 1.171% ~
6.403% 0.185% —0.432% Fe
7/n Fe 1 2010a
3 Fe Zn Kullerud 1953 1975 2010
Fe Fe Fe
/n Fe Zn Cd
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Table 2 Chemical compositions of sphalerite in different type of ore deposits
S Zn Fe Cd Mn
31.18~34.2 56.66~65.35 1.17~10.96  0.19~0.52 0~0.94
32.68~34.42 63.84~64.98 0.633~1.43 1995
32.37~33.42 63.54~65.06 1.16~2.27 0.36~0.68 1991
32.43~33.21 61.65~66.44 0.55~3.30 0.13~0.18 1993
31.39~34.74 59.60~64.78 0.62~6.55 2.4~0.43 1991
26.14~28.48 48.43~55.34 0.53~1.87 0.12~0.61 2013
49.75~55.07  9.23~10.9 0.35~0.42 0.17~0.26 2012
24.57~41.47 49.9~61.14 1.07~3.91 0.11~0.24 0.01 1987
32.62~33.96 50.52~63.94 2.19~12.4 0.27~0.62 2012
29.87~32.35 57.23~62.09 4.5~11.25 0.26~0.38 0.23~0.30 1991
3.58 0.24 0.4 1986
11.42 0.2 0.19 1986
32.84~32.95 51.78~60.42 4.27~11.88  0.40~0.41 0.52~0.56 1987
262 200 ~ 260 148 ~248T
3 Zn Fe Mn
260~230 Ma 1998
Mo—> Fe-Sn-Cu-Co— Cu-Mo Pb-Zn
— Pb-Zn
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