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abstraCt

Unraveling the evolution of Mississippi Valley-type (MVT) hydrothermal system is crucial for un-
derstanding ore genesis and exploration. In this paper, we take the Wusihe Pb-Zn deposit in the western 
Yangtze Block (South China) as a case study, using detailed ore deposit geology, quartz in situ trace 
elements, and sulfides in situ S-Pb isotopes, to propose a new integrated model for the evolution of MVT 
hydrothermal system. Four hydrothermal stages were identified in the Wusihe ore district: (I) lamellar 
pyrite-sphalerite; (II) disseminated, stock-work, and brecciated sphalerite-galena; (III) massive galena, 
and (IV) veined calcite-bitumen. Within the most representative stage (stage II), Al concentrations in 
quartz (Q) increase from 8.46–354 ppm (mean 134 ppm) of Q1 to 171–3049 ppm (mean 1062 ppm) of 
Q2, and then decrease to 3.18–149 ppm (mean 25.4 ppm) of Q3. This trend indicates the role of acid-
producing processes that resulted from sulfide precipitation and acid consumption by carbonate buffer-
ing. The occurrence of authigenic non-altered K-feldspar provides further evidence that the ore-forming 
fluids were weakly acidic with pH values of > ~5.5. Moreover, new bulk d34S values of sulfides (+1.8 to 
+14.3‰) are overall lower than those previously reported (+7.1 to +20.9‰), implying that in addition to 
thermochemical sulfate reduction (TSR), bacterial sulfate reduction (BSR) may play an important role in 
the formation of S2–. In situ d34S values show a larger range (–4.3 to +26.6‰), and significantly, varies 
within single grains (up to +12.3‰), suggesting mixing of two isotopically distinct S2– end-members 
produced by TSR and BSR. The diagenetic and hydrothermal early phase (stage I) sulfides were formed 
within a nearly closed system of BSR, whereas the formation of late phase (stage II and stage III) sulfides 
was caused by the input of hydrothermal fluids that promoted TSR. New galena in situ Pb isotopic ratios 
(206Pb/204Pb = 18.02–18.19, 207Pb/204Pb = 15.66–15.69, and 208Pb/204Pb = 38.14–38.39) suggest that the 
sources of mineralizing metals in the Wusihe deposit are mainly Proterozoic basement rocks. Hence, a 
multi-process model (i.e., basin-mountain coupling, fluid mixing, local sulfate reduction, in situ acid-
producing and involvement of black shales and carbonate sequences) was responsible for the formation 
of the Wusihe deposit, while S2– was produced by both TSR and BSR, providing new insights into the 
evolution of MVT hydrothermal system.
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introduCtion

Mississippi Valley-type deposits are named after classic 
districts located in the drainage basin of the Mississippi River in 
the central United States (Guilbert and Park 1986; Paradis et al. 
2007). These deposits can form by mixing of basinal fluids of 
contrasting reduced sulfur and metal content, driven by gravity or 
tectonic stress from an adjacent orogenic belt (e.g., Durham 1966; 
Appold and Garven 1999; Bradley and Leach 2003). Despite a 
broad consensus on this model for MVT ore genesis, there are 

several questions that remain unanswered (e.g., Leach et al. 2005, 
2010; Huston et al. 2006). One such question is how to establish 
a complete evolution of an MVT hydrothermal system involving 
the original sulfur/metal source(s), detailed constraints on acid-
producing processes, and precipitation models. The other is how 
to explain the absence of deposits in many basins that otherwise 
have very similar geological histories as well-endowed basins 
(Wilkinson 2013), namely what role the ore-forming environ-
ments (i.e., tectonic setting, wall rock sequences) played during 
Pb-Zn mineralization.

The Upper Yangtze Pb-Zn metallogenic province covers an 
area of 170 000 km2 and contains ~400 carbonate-hosted epigen-
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