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Sulphate speleothems in Pomorzany Zn-Pb ore mine, Southern Poland
Abstract
Underground mining of Zn-Pb ore deposits stimulates the development of acid mine drainage
(AMD) processes. In conditions of high humidity (92-95%) sulphate forms such as
stalagmites, stalactites and others are found on side walls of excavations. They can increase
in size up to 2 m and their colours are white, greenish or yellow. These forms comprise
mainly epsomite and melanterite minerals including other sulphates such as hexahydrite,
pentahydrite, chvaleticeite, starkeyite, szomolnokite, rozenite, copiapite, boyleite, bianchite,
anglesite and gypsum. A lowering of the humidity level may cause a change in the
mineralogical composition of sulphate minerals, e.g., hexahydrite can transform into
pentahydrite and quite often into tetra-hydrous starkeyite and rozenite. These minerals are
only stable in conditions of high mine air humidity and an increase in mine water inflow
results in dissolution and water pollution with sulphate ions and heavy metals. ESEM
analyses revealed that sulphate speleothems included numerous sub-microscopic sulphides
(up to 200 µm) such as galena, sphalerite, piryte, markasite and carbonate such as smithsonite,
cerrusite and also hemimorfite and native sulphur. Sulphate contents in non-exploited Zn-Pb
ores range from 0.05 to 4% mass fraction and even up to 8% in oxide ores occurring near the
drainage zone (e.g., Klucze ore). The sulphates are characterized by high contents of metals
such as Zn (up to 11 594 mg⋅kg-1), Fe (78 709 mg⋅kg-1), Cd (24.8 mg⋅kg-1) and Mn (322.4
mg⋅kg-1), which is why these metals can be activated during the sulfide oxidation phase.

Introduction
Site description
The aim of the study is to examine the present sulphate dripstones occurring in the
underground excavations in the Pomorzany Zn-Pb mine. The Pomorzany ore deposits are
situated in the area of the Pomorzany graben (Fig.1). The ore deposits are exploited using pit
shafts which are located several kilometres west of the town of Olkusz. The mine has been
under operation since 1968 and the constant decrease in recoverable reserves results in
imposing limitations on the prospects of further exploitation in the next 10-12 years. In the
mine two main systems of the exploitation have been applied - a pillar-chamber system and a
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shortwall one. The distinct advantage of applying these is to obtain a greater mobility of mine
faces as well as almost complete exploitation of ore deposits. The exploitation activity is
carried out using a hydraulic filling. The pillar-chamber systems are applied to exploit a single
layer up to 6 m in thickness, whereas the shortwall systems can be used for a multilayer
deposit. Before the 1990s there were other systems in use, for example a chamber system with
a falling roof and others such as a ‘subshelf’ system with a falling roof and an “85
Pomorzany” which were peculiar to the Pomorzany mine only (Cabała, Konstantynowicz,
1999).
The excavation are conducted mainly in ore-bearing dolomites, and rarely in limestones and
marls. When exploiting a new part of a deposit, it is very important to drain it before the mine
activity takes place. The exploitation is connected with draining the water in large amounts
out of the fissured and karstic rock mass (Różkowski et al., 1997). The water is pumped and
drained into the water-course. In consequence of mining activities the secondary fracturing in
roof rocks occurs and the fissuring of the rock mass increases simultaneously. The
considerable hydration of the rock mass, the permeable nature of rock overlayers as well as
fissured and karstic rock mass make a substantial contribution to foster the development of
sulfide oxidation and the dissolution of carbonate rocks.

Methods
Forty samples of sulphate minerals were collected

from dripstone forms, sulfide ores,

oxidized ores and internal sediments of karst space. These materials were examined using an
Environmental Scanning Electron Microscope (ESEM) with a back-scattered electron (BSE)
detector (30 XL Philips type). The use of Electron Dispersive Scanning (EDS) analytical unit
was used in this research. In micro-zones 160 EDS analyses were done.
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The mineral composition of the samples was identified by an X-ray diffractometer (Philips
PW 3710) using Co Kα X-ray (at 45 kV of voltage and 30 mA of intensity). The impulse
counting time was 1-2 sec and the counter track was 0.02o. The amount of sulphate content in
Zn-Pb ores was determined on the basis of 618 chemical analyses (spectroscopic and
rentgenographic ones) of the samples taken from Olkusz-Zawiercie area and were done in the
Laboratory of Geological Company in Cracow, whereas X-ray and microscopy examinations
were carried out at the Faculty of Earth Sciences, Silesia University in Sosnowiec.
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Figure captions
Fig. 1 Location of the Pomorzany ore deposit and its cross-section, the sketch of a heading with sulphate
speleothems. Q- Quaternary, J – Jurassic, T3- Keuper, T22- Diplopora dolomites, T2 obd - Ore-Bearing
dolomites, T21III-V Górażdże, Terebratula and Karchowice Beds, T21I-II - Gogolin limestones, T13- Roet,
dolomites, P – Permian.
Fig. 2. Bar charts of Ca-Mg-Fe-Zn sulphate content in Zn-Pb ores. Klucze n = 46, Pomorzany n = 91, Zawiercie
n = 106 (n - numbers of observation).
Phot. 1 Sulphate speleothems occurring in exploited excavations in the Pomorzany Zn-Pb mine. A – epsomite
stalactites (white), B - epsomite stalactites (white), copiapite and ferrohexahydrite (yellow), C - a
melanterite stalactite (green), copiapite and siderotile (yellow and red), D – a melanterite stalagmite.
Phot. 2 Sulphate speleothems occurring in exploited excavations in the Pomorzany Zn-Pb mine. A – Mgsulphates & Fe-sulphates. B – halotrichite, C – epsomite stalactites (white) and melanterite stalaktites
(green), D – epsomite and melanterite stalactites, E – Fe-sulphates with rosenite and szamolnokite
composition, F – blooms and efflorescence of Mg-sulphates with pentahydrite composition (white)
formed in excavations where mining machines were used.
Phot. 3 Sulphate speleothems. A- Mg sulphate, B- Mg,Fe sulphate, C – native sulphur
Phot. 4 Sulphate speleothems. A- Mg sulphate, B- Mg,Fe,K sulphate, C – Mg,Fe sulphate
Phot. 5 Sulphate speleothems. A- Mg,Ca,K sulphates, B - Mg,Ca,K sulphates
Phot. 6 Sulphate speleothems. A - K,Mg sulphates, B- Mg sulphates.
Phot. 7 Sulphate speleothems. A- Mg sulphate, B- Ca sulphate, C – Fe sulphate with Cl.
Phot. 8 Sulphide minerals in sulphate speleothems. I: A –Zn sulphides, B - Zn sulphates, C – Mg sulphates, II:
A - Pb sulphates & Pb sulphides, B – Zn sulphates & Zn sulphides, C – Mg sulphates, III: A - Sn oxide,
B- Mg sulphates, IV: A- Pb sulphides & Pb carbonate with Ag.
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