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Abstract: Hutouya deposit is one of the typical Pb-Zn polymetallic deposits in Qimantage region. This deposit was
divided into 4 metallogenic epoches and 7 mineralization stages based on geological characteristics of ore and
identification of polished sections and thin slices. There were 16 representative minerals selected from sulfides and
measured to determine the values of S and Pb isotopes. The results show that the values of 6(**S) range from +0.6X 107
to +9.8X 1073, in which the average value is +5.2X 10>, and increase gradually from the edges of intrusions to the distal
end of them, while the range of Pb isotope is small, with 38.717-38.261 for **®Pb/***Pb, 15.718—15.560 for *’Pb/***Pb,
19.502—18.476 for 2%°Pb/**Pb. Associated with characteristics of the ore deposit and the results of the former researchers,
the characteristics of S and Pb isotopes were analyzed, and the proportions of Pb in the crust and mantle are estimated to
be 0.07-0.22 and 0.78—0.93, respectively. The sources of metallogenic material are speculated from the magmatite that is
composed of large ratio of crust matter and small proportion of mantle. The evolution of metallogenic material is that S
element has higher proportion of igneous rocks’ matter when mineralization is adjacent to magmatite, and with larger
percentage of strata in distal area; however, the main materials still originate from intrusions.
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Fig. 1 Geological map of Hutouya deposit (Modified from FENG Cheng-you, et al™, skeleton map of tectonics’ division originated
from ZHANG Xue-ting!'")

1—Quaternary sediment; 2—Elashan Formation of upper Triassic, crystal tuff, 3—Di’aosu Formation of upper Carboniferous,

crystalline limestone contained biological debris; 4—Dagangou Formation of lower Carboniferous, marble and limestone with
biological debris; 5—Tanjianshan Group of Ordovician-Silurian, basalt, tuff and siliceous rock; 6—Langyashan Formation of
Jixianian System, marble and limestone interbeded quartzite, slate and hornstone; 7—Indo-Chinese epoch adamellite; 8—Diorite or
diorite-porphyrite; 9—Moyite; 10—Granodiorite or porphyritic granodiorite; 11—Granite porphyry; 12—Ore belts or ore bodies;
13—Structures of decollement between strata; 14—Fault. Skeleton map of tectonic division: (O—Foreland basin with Molasse of
post orogen in Qaidam in middle Cenozoic; @—Magmatic arc belt of northern Qimantage Mountain-Xiariha in late Proterozoic to
early Paleozoic; ®—Suture zone of Qimantage-Dulan in late Proterozoic to early Paleozoic; @—Magmatic arc belt of East Kunlun;
(B—Foreland basin contained Molasse of post orogen in Nalinggelehe, middle plate of East Kunlun; ®—Foreland basin of
Bayankala margin, South China Plate; KZS—Suture zone of middle East Kunlun, in late Proterozoic to early Paleozoic; KSPZ—
Subduction and collision complex of northern East Kunlun; JAS—Suture zone of Jingyuhu-Animaqing in late Paleozoic to

Mesozoic
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Fig. 2 Characteristics of rocks and minerals in different epochs and stages in Hutouya deposit

(a), (b), (f) Pictures of polished block under plan polarized light; (c), (d), () Pictures of thin section under cross polarized light;
(a) Polycrystal nemaline pyrite(Py') replaced by chalcopyrite and galena in the sedimentation episode; (b) Three stages of pyrite, the
carliest pyrite(Py') replaced and surrounded by middle stage euhedral pyrite(Py?), with the latest stage pyrite (Py’) cutting the middle
and earliest stage pyrite; (c) Subhedral garnet with girdles cut by calcite vein and replaced by epidote in prograde metamorphic stage;
(d) Diopside in prograde metamorphic stage replaced by chlorite and epidote in retrograde metamorphic stage and deposited
magnetite; (¢) Radial tremolite in retrograde metamorphic stage filled with irregular sphalerite; (f) Arsenopyrite in retrograde
metamorphic stage cut by chalcopyrite and bornite veins. Apy—Arsenopyrite; Bn—Bornite; Cal—Calcite; Cc—Chalcocite; Ccp—
Chalcopyrite; Chl—Chlorite; Cv—Covellite; Di—Diopside; Ep—Epidote; Gn—Galena; Grt—Garnet; Lm—Limonite; Mag—
Magnetite; Mal—Malachite; Po—Pyrrhotite; Py—Pyrite; Sp—Sphalerite; Td—Tetrahedrite; Tr—Tremolite
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Fig. 3 Characteristics of rocks and minerals in sulfide stage in Hutouya deposit

(a), (d), (e), (1), (g), (h) Pictures of polished block under plan polarized light; (b), (c), (i) Photos in field observation; (a) Pyrite and
pyrrhotite replaced and surrounded by chalcopyrite of Cu-sulfide stage, formed texture of replacement and remnant; (b) Combination
of sphalerite and galena in Pb-Zn sulfide stage, and combination of pyrite, pyrrhotite, chalcopyrite, cut and replaced by calcite veins,
with later limonite vein cutting them; (c) Combination of lead-zinc sulfide and skarn are cut by calcite veins; (d) Chalcopyrite in
Cu-sulfide stage contains irregular exsolution discs of bornite, chalcocite, tetrahedrite; (e) Chalcopyrite in Cu-sulfide stage is
replaced and cut by irregular pyrite veins(Py*); (f) Intersertal texture and exsolution texture in lead-zinc sulfide stage, sphalerite,
galena intergrowth with gangue minerals, and exsolution discs of chalcopyrite present in sphalerite; (g) Chalcopyrite veins cut
sphalerite, cut by galena; (h) Sphalerite and galena cut by pyrite vein of carbonation stage; (i) Copper ore oxidized by malachite in

supergene episode
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Table 1 Episodes and sequence of crystallization in Hutouya deposit
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Table 2 Values of S and Pb isotope in Hutouya polymetallic deposit
‘T“ 2P 34, 208 207 206
T P i gg I VA R
il JY11 PRAE R A BEA 38.407 15.604 18.630 143 9.59 3.72 88.22 23.18 39.35 0.11 0.89 [9]
II HTY20 Y JIEHT 0.6 38.562 15.674 18.571 99 9.47 3.65 8535 19.06 33.82 0.17 0.83 [9]
1I HTY20 B £ NEET 15 [9]
1 JY04 HOREHI 4 S 3.6 38317 15.657 19.502 103 9.48 3.65 85.18 19.13 33.98 0.16 0.84 [9]
1 JY13 W A EEITT 6.5 38.448 15.632 18.501 94 9.48 3.64 86.00 19.20 33.77 0.16 0.84 [9]
Il  HTZK8201-7 W T A1 WAL 1.0 38.349 15.614 18.554 90 9.41 3.62 82.66 16.85 31.23 0.20 0.80  [9]
Il HTZK002-1 A BEFEETT 0.9 38.384 15.640 19.035 146 9.62 3.72 89.39 24.09 40.34 0.09 0.91 [9]
v JY16 EZi Rl T 2.4 38357 15.611 18.522 112 9.53 3.67 87.40 21.02 36.09 0.14 0.86 [9]
v JY17 EZi Rl W 3.3 38.457 15.640 18.556 102 9.51 3.66 87.17 20.37 35.33 0.15 0.85 [9]
\Y HTYO05 USRI A1 TR 22 38.428 15.643 18.682 96 9.49 3.65 86.58 19.72 34.47 0.16 0.84 [9]
v HB44-2 A BT 22 38.503 15.639 18.561 94 9.48 3.64 86.41 19.46 34.04 0.16 0.84 ASZH:
v HB44-4 A PEAAW™ 1.7  38.620 15.690 18.585 79 9.48 3.63 87.23 19.26 33.61 0.16 0.84 ASZH:
\Y HB45-5 TN ST A R 3.6 38717 15.718 18.609 112 9.53 3.68 87.64 21.22 36.52 0.14 0.86 ASZH:
v HB45-7 Y JIERWT 1.8 38.363 15.612 18.519 122 9.56 3.69 88.16 22.07 37.7 0.12 0.88 ASZE:
6 JY25 WREN 4 JIEHT 4.4 38355 15613 18.533 129 9.58 3.7 88.93 22.92 38.86 0.11 0.89 [9]
6 JY25 WREN 4 W 4.6 [9]
6 JY26 WREN 4 YR 6.8 38369 15.617 18.532 120 9.55 3.68 87.87 21.74 37.24 0.13 0.87 [9]
6 JY28 P REIwe) W 5.9 [9]
6 JY28 P REIwe) JIET 5.0 38261 15577 18.476 149 9.63 3.73 89.92 24.61 41.13 0.09 0.91 [9]
VI JY19 WA WHIRT 5.1 38.343 15.603 18.511 133 9.59 3.71 88.81 23.05 39.08 0.11 0.89 [9]
VI JY20 WA TR 62 38320 15.597 18.508 122 9.56 3.69 88.46 22.26 37.92 0.12 0.88 [9]
VI JY23 EZi Rl FEHWT 2.7 38.465 15.560 18.547 109 9.55 3.68 88.81 21.81 37.65 0.13 0.87 [9]
VI HTZK2301-3 A WHIHT 5.0 38.537 15.665 18.564 114 9.54 3.67 87.64 21.28 36.57 0.13 0.87 [9]
VI HTZK2301-9 oLl W 45 [9]
VI HTZK2301-13 oLl W 44 [9]
VI HTZK2301-14 R FEWT 3.1 38599 15.688 18591 94 948 3.64 86 192 33.69 0.16 0.84 [9]
VI HTZK2301-14 R WNEE 6.4 [9]
VI HTZK2301-15 WRE W 6.0 [9]
VI HTZK2301-15 R NEE 5.6 [9]
VI HTO1 YUty R AEE 4 N 7.2 [9]
VI HTO1 PoRW BB 38.522 15.666 18.578 —581 9.49 3.2 142.78 22.07 32.74 0.16 0.84 [9]
VIl HT02 HURBy R A48 40 INEED™ 7.4 38352 15.613 18.533 141 9.52 3.7 84.12 20.44 36.27 0.14 0.86 [9]
VI HT02 YUIRW R A8V A 78T 8.3 38.441 15.641 18.557 111 9.53 3.67 87.34 20.96 36.52 0.14 0.86 [9]
VI HTO03 POlRW AT A TR 1.6 38.344 15.606 18.537 23 9.52 3.6 94.73 21.15 35.74 0.14 0.86 [9]
VIl HK3-1 Y NEEW™ 9.8  38.457 15.644 18.561 137 9.58 3.71 87.81 22.59 38.67 0.11 0.89 ASZH:
VIl HK3-2 TEET A WA 9.2 38501 15.657 18.570 97 9.46 3.65 84.71 18.54 33.44 0.17 0.83 AL
VIl HK4-2 YUREEE NEEW™ 8.9 38.544 15.670 18.583 82 9.46 3.63 86.23 18.74 33.47 0.17 0.83 ASZE:
VIl HK4-3 YUREEE TR 7.8 38.413 15.631 18553 99 9.48 3.65 85.94 19.46 34.15 0.16 0.84 ASZH:
VIl HK6-2 YUREEE T 84 38381 15.621 18.543 128 9.58 3.69 88.63 22.66 38.27 0.11 0.89 A5i
VIl HKS-3 YUREEE NAE™ 7.3 38484 15.652 18.565 92 9.45 3.63 84.53 18.15 32.82 0.18 0.82 A5:i
VIl HK8-4 Y NEER™ 7.5  38.628 15.696 18.600 106 9.52 3.69 87.64 20.89 37.76 0.14 0.86 ASZH:
VIl HK8-6 Y NEEW™ 6.5  38.552 15.672 18.581 152 9.62 3.74 89.04 24.22 40.91 0.09 0.91 ASZE
VIl HK9-1 Y WA 8.7 38.509 15.660 18.575 170 9.67 3.77 90.45 26.05 43.52 0.07 0.93 A5
VIl HK9-3 NEEW A AR 7.9 38499 15.653 18.581 15 9.37 3.67 86.82 15.74 36.73 0.22 0.78 A5
VIl HK9-8 Y A NEEW™ 7.7 38.459 15.645 18.561 10 9.45 3.61 91.68 18.61 35.17 0.18 0.82 ASZEG
VIl HK13-1 Y T 7.2 38365 15.617 18.540 —245 9.49 3.42 115.41 20.96 34.55 0.16 0.84 A5

AR P B AR AL T FTRFFE e 53 BT SRR cpoty, FEAB R R I o S i)
1% 2Pb/"Pb. 2"Pb P, **Pb/*Pb L [l MM X LE LG AR (2, XL B h Geokit

u AR 23UAYPhb; Aa. AB. Ay 435
BBk
Data of this study were tested in Analytical Laboratory Beijing Research Institute of Uranium Geology. Other data are quoted from MA Sheng-chao,

AR N AR AR ST o ¢ BN

et alm(2012 . Blanks are not tested or calculated. 7—model age; u—>**U/**Pb of the deposit; Aa, and Ay represent the deviation values of
ge; U p Y 1ep!

206pb/2%Pb, 2"Pb/2**Pb and ***Pb/***Pb compared with corresponding mantle values, respectively. All parameters are calculated by Geokit software!'*.,
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