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ABSTRACT

A find of native tin in deeply weathered material at the Neogene epithermal Au-Ag Pukanec deposit
in Slovakia raises the question of transport and reduction to native metal, especially when such a metal
requires very strongly reducing conditions. The deeply weathered material contains powdery Mn
oxides and clays, with the heavy fraction made of cerussite, smithsonite, nuggets of Au-Ag alloys,
and oval nuggets of native tin. During weathering, Au and Ag are mobile and can reprecipitate as native
metals. Native tin persists, although it shows signs of weathering to cassiterite. Electron microprobe
analyses of native tin document Ni (up to 7 wt%) in a few spots as the only other abundant component.
The association of tin with pyrite indicates that tin is primary, but it had to be transported in an inert form
through the fluid. The isotopic composition of native tin (expressed as δamuSn3161A) shows very limited
variations between 0.01 and 0.07‰ (±0.014‰), which is close to the expected composition of parent
rhyolites, suggesting that the latter were likely the source of Sn. The oval shape of the tin grains and their
physical properties (e.g., the low melting point of tin) suggest that tin is transported as metal-melt
droplets in the hydrothermal fluid of the epithermal system. Tinmust have been reduced before entering
the space of the hydrothermal veins, perhaps in the underlying carbonaceous Carboniferous sediments.
Reduction of Sn(II) from hydrothermal fluid is unlikely because under such conditions, Fe(II) would
also be reduced to native iron. The most feasible explanation for these facts is the local reduction of
Sn(II) deep within the hydrothermal system (perhaps in the carbonaceous sediments) and transport as
metal droplets to the deposition site.
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INTRODUCTION

The element tin occurs in nature most commonly combined
with oxygen in the mineral cassiterite (Taylor 1979). Lehmann
(2021) asserted that most cassiterite deposits are assumed to be
related to tin granites, pegmatites, and tin porphyries, with a frac-
tion of the resources obtained from placers associated with these
deposits. In hydrothermal fluids, tin is transported as Sn2�, most
efficiently in reduced and highly saline fluids. In some ore
deposits, tin sulfides (e.g., stannite or kësterite) are part of a
sulfide stage, often postdating cassiterite (Petruk 1973; Breiter
et al. 2009; Yao et al. 2018).

Native tin very rarely occurs as a separate mineral phase due
to the element’s reactivity with oxygen and sulfur. The hydro-
thermal fluids capable of transporting tin as Sn2� are not reduc-
ing enough to convert it to tin metal. Instead, for the deposition
of cassiterite, Sn2� must be oxidized to Sn4� (Heinrich 1990).

In this work, we describe the occurrence of native tin from
epithermal veins near Pukanec in Slovakia, which was previously
reported by Schmiderer (2008). Morphological and textural
observations, as well as chemical and Sn isotopic analyses of

tin, are provided to demonstrate that the mineral is of natural
origin. Observations on the weathering of native tin are also pre-
sented. Using the data on local geology and thermodynamics of
Sn phases, we consider the processes that could lead to the forma-
tion and transport of native tin in epithermal fluids.

LOCAL GEOLOGY

The epithermal veins near the village of Pukanec occur in
N-S to NW-SE oriented structures developed on a local horst
(Fig. 1). Rhyolite dikes were also emplaced into some of these
structures. The veins are relatively short and often branch, form-
ing en echelon structures. The thickness of the veins is highly
variable, from several centimeters to several meters, and they
thicken toward the surface, with fan-shaped branching. Past
exploration campaigns (Gazdík and Durbák 1997) documented
high Au and Ag contents (maximum 10.1 g Au/t and 298 g Ag/t)
in surface samples but not in the drill cores. These findings indi-
cate that weathering and erosion reached the bottom of the pre-
cious-metal zone, and the deeper base-metal mineralization
lacks elevated precious-metal grades. Veins consist predomi-
nantly of quartz and calcite, with local occurrences of rhodonite
and rhodochrosite (Bahna and Chovan 2001; Chovan et al. 2002).
Ore minerals are represented by Au-Ag alloys, Ag sulfides, and
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