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Abstract. The Myszków porphyry molybdenum-tungsten deposit is one of several porphyry copper-type deposits that have
been identified within a poorly defined belt of Precambrian to Palaeozoic rocks in south-central Poland. It is in a complex of
Proterozoic (Vendian) to early Palaeozoic (Early Cambrian)-aged metasedimentary rocks that was intruded by a predomi-
nantly granodioritic pluton. The intrusive rocks and associated mineralisation phases are Late Carboniferous age, a time of
porphyry-copper deposit formation not known to be present elsewhere in Europe.

The chemistry, mineralogy, and vein morphology of the Myszków mineralisation are similar to calc-alkaline-associated
porphyry copper deposits. The deposit at Myszków consists mainly of stockwork veins; skarn minerals are uncommon. Sev-
eral substages of mineral deposition have been identified in the Myszków area, five of which are closely related to formation
of this porphyry deposit. The results of a factor analyses determined for analyses run on samples of drill core support the con-
cept of multiple stages of mineralisation at Myszków.

The Myszków deposit is strongly enriched in Cu and Mo but contains very little gold. In comparison to other calc-alka-
line-type porphyry Cu deposits, this deposit also contains an unusually high concentration of tungsten, particularly in the min-
eralised part of the stock. Therefore, the Myszków mineralisation can best be described as representing a rather unique,
porphyry molybdenum-tungsten type of deposit.

Overall, the mineralisation at Myszków exhibits typical mineralogy for the deeper parts of a porphyry Cu system. Thus, it
may be concluded that the upper (perhaps significant) part of this deposit was removed by rapid erosion that was followed by
rapid burial of the erosion surface by a sequence of Triassic marine rocks. More complete deposits of this type which might also
contain supergene enrichment zones, could be present in down-faulted blocks in other parts of the Kraków–Lubliniec region.

Key words: porphyry molybdenum-tungsten deposit, Palaeozoic porphyry copper-type deposit, magmatic and postmagmatic fluids, mineral
zoning, geochemical zoning, factor analyses, mineralisation model, genesis of mineralisation.

Abstrakt. Porfirowe z³o¿e molibdenowo-wolframowe w Myszkowie jest jednym z szeregu z³ó¿ miedziowo-porfiro-
wych odkrytych w po³udniowej Polsce, w s³abo rozpoznanej strefie ska³ prekambryjsko-paleozoicznych obszaru Kraków–Lub-
liniec. Z³o¿e myszkowskie wystêpuje w kompleksie s³abo zmetamorfizowanych ska³ proterozoiczno (wend)–dolnopaleo-
zoicznych (dolny kambr), intrudowanych przez ska³y magmowe, g³ównie granodiorytowe. Wiek ska³ magmowych oraz mi-
neralizacji kruszcowej okreœlony zosta³ na górny karbon. Warto podkreœliæ, i¿ w Europie nie s¹ znane inne z³o¿a
miedziowo-porfirowe tego wieku.

Zarówno sk³ad chemiczny i mineralogiczny mineralizacji kruszcowej z³o¿a w Myszkowie, jak i wystêpuj¹ce w nim ro-
dzaje u¿ylenia, s¹ charakterystyczne dla z³ó¿ miedziowo-porfirowych, zwi¹zanych z wapniowo-alkalicznymi masywami
magmowymi. Z³o¿e myszkowskie zbudowane jest g³ównie z ¿y³ o charakterze sztokwerku. Rzadsze s¹ minera³y skarnowe.
Wyró¿niono w nim kilka stadiów mineralizacji kruszcowej. Piêæ z nich zwi¹zanych jest œciœle z powstaniem z³o¿a porfirowe-
go. Hipoteza wielostadialnej genezy mineralizacji myszkowskiej wsparta zosta³a wynikami analizy czynnikowej danych po-
chodz¹cych z badañ geochemicznych wybranych rdzeni wiertniczych.

Z³o¿e w Myszkowie jest wzbogacone w Cu i Mo, natomiast jest bardzo ubogie w Au. W porównaniu z innymi z³o¿ami
miedziowo-porfirowymi, zwi¹zanymi z masywami wapniowo-alkalicznymi, z³o¿e w Myszkowie jest niezwykle wzbogaco-
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ne w wolfram. Dlatego uznano, ¿e reprezentuje ono unikatowy typ z³o¿a porfirowego: molibdenowo-wolframowy.
Ogólnie bior¹c, sk³ad mineralny oraz mineralizacja kruszcowa z³o¿a myszkowskiego s¹ charakterystyczne dla g³êbszych

partii z³ó¿ miedziowo-porfirowych. Nie mo¿na wiêc wykluczyæ, ¿e górna czêœæ z³o¿a myszkowskiego, byæ mo¿e najbogat-
sza w mineralizacjê kruszcow¹, zosta³a miêdzy górnym karbonem a triasem usuniêta przez erozjê. W obni¿onych czêœciach
obszaru Kraków–Lubliniec mog³y jednak zachowaæ siê inne, pe³niejsze z³o¿a typu myszkowskiego, byæ mo¿e posiadaj¹ce
nawet wzbogacon¹ strefê wietrzeniow¹.

S³owa kluczowe: porfirowe z³o¿e molibdenowo-wolframowe, paleozoiczne z³o¿e typu miedziowo-porfirowego, fluidy magmowe i pomag-
mowe, strefowoœæ mineralna, strefowoœæ geochemiczna, analiza czynnikowa, model mineralizacji, geneza mineralizacji.

INTRODUCTION

Metallic ores have been mined for centuries along the
north-eastern border of the Upper Silesian Coal Basin, also
known as the Kraków–Lubliniec region. Until the late 1950’s,
prospecting for and mining of these ores were primarily done in
shallow, Mesozoic-aged rocks. Deposits mined in these rocks
included siderite ores in Jurassic host rocks and silver-rich,
Pb-Zn sulphide ores in Triassic host rocks.

After the World War II, intensive prospecting for Triassic
Pb-Zn ore deposits was conducted in Poland. In the mid 1950’s,
subeconomic mineralisation was discovered in locally meta-
morphosed, Precambrian to early Palaeozoic rocks below a
thick sequence of flat-lying, Mesozoic rocks. In some areas,
these metamorphosed, sedimentary rocks were intruded by fel-
sic igneous magmatic rocks.

The increasing amount of geological information on these
Precambrian to Palaeozoic mineralised rocks along the north-
-eastern border of the Upper Silesian Coal Basin has gradually
encouraged an interest by both the Polish geological commu-
nity and the State authorities in the mineral potential of that re-
gion, especially near areas intruded by magmatic rocks. In the
second half of the 1970’s, prospecting began in this region fol-
lowed in the 1980’s by intensive exploration.

Numerous geophysical and geological investigations were
conducted, first by the Polish Geological Institute (Pañstwowy
Instytut Geologiczny), which at that time was called the Geo-
logical Institute of the Central Geological Board (Instytut
Geologiczny Centralnego Urzêdu Geologii), and by the Geo-
logical Enterprise in Kraków (Przedsiêbiorstwo Geologiczne
w Krakowie), which in the 1970’s was also monitored by the
Central Geological Board. Those intensive investigations pro-
duced discoveries of polymetallic (copper, molybdenum, tung-
sten, lead and zinc) mineralisation in several areas (Myszków,
Zawiercie, Pilica, Dolina Bêdkowska) along the north-eastern
border of the Upper Silesian Coal Basin. These discoveries
were regarded as being partly porphyry-copper-type minerali-
sation and partly skarn-type. In the course of the investigations,
the possible sedimentary-remobilization origin of these depos-
its was also suggested.

The mineralisation found in the vicinity of Myszków was
regarded as the most interesting discovery. The presence of
a substantial amount of molybdenite suggested the occurrence

of a Mo deposit at a time when molybdenum was in high de-
mand and no deposits of this type were known to exist in Po-
land. Therefore, in the second half of the 1980’s, exploration
activities were concentrated in the Myszków area.

Those activities abruptly stopped at the end of eighties,
caused both by a sharp drop in Mo, W, and Cu prices on the
world market and by the dramatic change in 1989 of the politi-
cal system in Poland. The geological data and economic as-
pects of the exploration work carried out in Myszków area were
summarised in 1993 in a prefeasibility-type report that in-
cluded a preliminary ore reserves estimate classed in the Polish
C2 category.

This publication summarises the results of investigations of
the polymetallic mineralisation found in the Myszków area. In-
formation to date has been contained only in numerous unpub-
lished reports and/or in publications (mostly in Polish) that
covered selected geological aspects only.

This publication also contains a discussion of the geology
of the Kraków–Lubliniec region (the north-eastern border of
the Upper Silesian Coal Basin), and, in particular, the geology
of the contact zone between two Precambrian to Palaeozoic
geotectonic blocks: the Upper Silesian Block and the Ma³o-
polska Block. Knowledge of the geology of this zone is essen-
tial for understanding the genesis and spatial distribution of the
Myszków mineralisation.

This publication includes also results of new research on the
geochemistry and age of the Myszków deposit, conducted in the
mid 1990’s by a team of scientists from the Polish Geological In-
stitute and the United States Geological Survey, under a Pol-
ish-American, Maria Sk³odowska-Curie Fund II project.

The Myszków deposit, classified as a porphyry molybde-
num-tungsten type, is probably unique for European deposits
both for its type of mineralisation and for its Late Carbonifer-
ous age.

The frequent occurrence in the Kraków–Lubliniec region,
in the Precambrian (Vendian) to early Palaeozoic (Early Cam-
brian) sedimentary rocks, of intrusive rocks and associated
polymetallic mineralisation, suggests the possibility of the ex-
istence of additional porphyry Myszków-type deposits in the
contact zone between the Upper Silesian and Ma³opolska
blocks.
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that included complementary basic research on early Palaeozoic
lithology, stratigraphy and geologic structure was undertaken
between 1975 and 1978. At the same time, some surface mag-
netic and gravity geophysical surveys were conducted in the
Poraj–Mrzyg³ód area, and 12 shallow boreholes were also
drilled (Piekarski et al., unpubl. report, 1979).

The results of those investigations produced a new geologi-
cal model of the Mesozoic basement in the Myszków–Mrzy-
g³ód area. For the first time, Ordovician and earliest Silurian
deposits in that region could be separated by using new palae-
ontologic and lithologic data (Piekarski and Siewniak-Witruk,
1978). That knowledge was crucial for more precisely deter-
mining the stratigraphic position of various mineral discoveries.

After 1978, several new mineralised areas, with different
mineral suites and probably also with different sources, were
discovered. A new Pb-Zn ore association was also identified
(Piekarski et al., 1982). However, two different hypotheses
concerning genesis of the Cu-Mo mineralisation still existed.
The first one regarded the Myszków deposit as being a por-
phyry copper type because the hydrothermal alteration and
zonal distribution seemed to be typical for this type of deposit
(Œlósarz, 1982). The second one suggested that all of the miner-
alisation resulted from sedimentary-remobilization processes
(Piekarski, 1982a).

In his 1982 paper, Piekarski (1982a) suggested that the hy-
drothermal solutions had a greater influence on the genesis of
ore mineral concentrations than previously believed because
his new investigations proved that ore elements did not show
any signs of remobilization in the metamorphosed schists.
Piekarski also thought that the hydrothermal solutions leached
some metals (mainly Cu and Mo) from the schists, and concen-
trated them in the magmatic rocks and in the feldspathic vein
metasomatites. That process helped to explain the concentra-
tions of molybdenum veins in those parts of the granitoids and
porphyries that had cut the early Palaeozoic schists, and the
lack of molybdenum veins in the rhyodacite or microgranitic
porphyries that do not occur in the schists.

In the 1980’s, prospecting and exploration was conducted
in the vicinity of Myszków for Pb-Zn mineralisation in Triassic
strata. This work produced much new information about geo-
logical structure in the Precambrian to early Palaeozoic rocks
in the area. Boreholes drilled for Triassic Pb-Zn deposits were
also designed to provide information on the pre-Triassic base-
ment. As a result, these holes penetrated basement for distances
between several metres and a few hundred metres. Some of
these holes encountered polymetallic mineralisation in the
basement rocks (Wielgomas et al., unpubl. reports, 1986,
1988).

The ore-bearing granite and porphyry intrusions still re-
mained the most important prospecting targets. Within the
early Palaeozoic sedimentary rocks, the important ore-bearing
formations include the Early Silurian (Llandoverian–Early
Ludlovian) sequence of dark, clayey and clayey-carbonatic
schists, which contain weak, Cu-pyrite and Cu-Mo mineral-
isation, and the Middle and Late Ordovician clayey and
carbonatic sedimentary rocks, which contain Cu-pyrite and
polymetallic skarn mineralisation.

By the end of the 1970’s, the large, positive magnetic
anomalies were thought to identify areas where the ore-bearing

formations occurred at very shallow depth and, therefore, were
considered to be promising targets for mineral prospecting.
The Myszków, Bêb³o, and Krzywop³oty anomalies were re-
garded as the most favourable locations for potential mineral
deposits. In addition, most of the ore-bearing granite and por-
phyry intrusions were found to be located within uplifted Cal-
edonian structures.

In 1979, a new mineral prospecting program began. This
program concentrated on the early Palaeozoic rocks in the
Poraj–Mrzyg³ód area (Piekarski et al., unpubl. report, 1979)
and included detailed exploration of the Mrzyg³ód geophysical
anomaly, and reconnaissance work over the smaller Poraj and
Kotowice magnetic anomalies. As part of this program, six
boreholes were drilled to depths of 1200 m in the Mysz-
ków–Mrzyg³ód area.

Information derived from cores from those six boreholes,
which were drilled between 1982 and 1987, proved to be very
interesting. Several zones of polymetallic mineralisation were
encountered. Five of the holes contained the thickest and the
richest zones of ore minerals found to date along the north-east-
ern border of the Upper Silesian Coal Basin (Piekarski, 1988).
Copper, molybdenum, and tungsten mineralisation was found
in the metamorphic schists, metasomatites, porphyries, and
granites. Boreholes Pz-17, Pz-28, Pz-29, and Pz-31 were espe-
cially interesting. The highest concentrations of metals (2.55%
Cu, 0.89% Mo, and 1.12% W) were encountered in those bore-
holes. All these boreholes were stopped at depths of 1250 m,
being still in the mineralised granitoid rocks.

Using the new data from the six boreholes, Piekarski
(1988) was able to distinguish several different types of min-
eralisation. He recognised that the Cu-pyrite and Cu-Mo min-
eralisation that occurred in the dark, metamorphic schist
complex, was probably syngenetic, sedimentary in origin.
The weak, chalcopyrite-pyrite mineralisation that was dis-
seminated in the porphyries and granitoids, was judged to be
of magmatic origin, and classified as a porphyry copper-type
deposit. The Cu-pyrite mineralisation, which is sometimes
associated with molybdenite and magnetite and is located in
the older quartz-chlorite veins that cut dark metamorphic
schists and graywackes, he recognised as associated with re-
gional and/or contact metamorphic events, as is the Cu-pyrite
skarn mineralisation (Piekarski, 1988).

The Cu-Mo-W mineralisation associated with stockwork
quartz or quartz-feldspar veins, Piekarski (1988) acknowl-
edged as hydrothermal in origin, overprinting the older types of
mineralisation. The Cu-Mo-W mineralisation was developed
(1) in intensively, tectonically altered sedimentary rocks, (2) in
granitoids and diabases, and (3) occasionally in the smaller
porphyry apophyses. Piekarski (1988) concluded that Cu-py-
rite and Cu-Mo-W stockwork deposits probably had the high-
est economic potential and that porphyry copper-type deposits
had less potential.

However, Œlósarz (1988) suggested that the main Mysz-
ków mineralisation was really a porphyry Cu-Mo deposit that
was produced by low fluorine magmatic complexes. Œlósarz
considered this type of deposit as having a high potential for
economic polymetallic mineralisation.

An extensive addition to the 1979 program was prepared in
1987 to follow on the results of previous programs (Piekarski
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Fig. 5. Sosnowiec–Zawiercie–Lelów geological cross-section (after Bu³a, 2000)















22 Geologic setting
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Fig. 10. Lithostratigraphic-structural complexes in contact zone of the Upper Silesian and Ma³opolska blocks —
without magmatic phenomena (after ¯aba, 1999)

Stratigraphy: Pr — Precambrian, V — Vendian, ¢
1

— Early Cambrian, ¢
2

— Middle Cambrian, Or — Ordovician, S — Silurian, D
1

— Early Devonian,
D

2
— Middle Devonian, D

3
— Late Devonian, C

1
— Early Carboniferous, C

2
— Late Carboniferous, P — Permian, T — Triassic, J — Jurassic, Tr — Tertiary,

Q — Quaternary

Lithostratigraphic-structural complexes: Pr — Precambrian complex, V
1

— Vendian-Early Cambrian complex, ¢ — Cambrian complex, Or — Ordovician
complex, Or-S — Ordovician-Silurian complex, D-C — Devonian-Carboniferous complex, P-M — Permian-Mesozoic complex, Cen — Cainozoic complex























– reddish-brown. Chemical formulas for three biotites, deter-
mined by microprobe point counts are as follows:

(K1.22 Na0.04) (Fe+2
1.43 Mg1.25 Al0.35 Ti0.34 Mn0.06) (OH)2 O10

(Al1.22 Si2.78)
(K1.20 Na0.06) (Fe+2

1.35 Mg1.46 Al0.30 Ti0.29 Mn0.01) (OH)2 O10

(Al1.06 Si2.94)
(K1.23 Na0.02) (Fe+2

0.76 Mg2.15 Al0.35 Ti0.17 Mn0.02) (OH)2 O10

(Al0.80 Si3.20)
Biotite is commonly chloritised. Products of various stages

of that process, from its initial development along fissures to

entire chlorite pseudomorphs, are recognisable under the mi-
croscope. Chlorite from pseudomorphs is characterised by
light yellow to green pleochroism, a negative optic sign, and
bright blue interference colours. In pseudomorphs after biotite,
one commonly sees iron oxides and sometimes also titanium
oxides, leucoxene, and epidote. Calcite and hydromuscovite
are found in smaller amounts. Very rarely, amphibole relicts,
consisting of pale coloured common hornblende with � = pale
yellow and � = pale green, have been observed (Pz-24, Pz-26,
and Pz-27).
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Fig. 21. Variability of mineral content in granitoids from the selected boreholes
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Fig. 24. Variability of matrix and phenocrysts in dacitoids (after Markiewicz, 1998)



amounts of biotite, chlorite, albite, hydromicas, carbonates,
and opaque minerals. The matrix texture is mostly micro-crys-
talline to finely crystalline. In contact alteration zones, this ma-
trix was originally granophyric, micropoikilitic, or spherulitic.
The contact zones sometimes exhibit a stream-like arrange-
ment of fine lamellae of feldspars that gives the rocks a fluidal
appearance. The same effect is visible in chlorite flakes that
have crystallised after biotite.

The ratio of phenocrysts to matrix is quite variable. The
mineral composition of the matrix is also variable in a given
core intercept and may range from feldspar-rich to quartz-feld-
spar, to quartz-rich. The matrix, like the phenocrysts, has been
altered by sericitisation, chloritisation, carbonatisation, silicifi-
cation, and pyritisation processes.

Most of the phenocrysts found in the inner parts of the
dacitoid dikes are often clearly second generation (plagioclase
and quartz) and have grains that range between 0.08 and 0.4
mm in diameter. In such cases, an increased amount of flaky bi-
otite is visible in matrix.

The granitoids and dacitoids are altered to varying degree
as a result of overlapping autometasomatic and hydrothermal
processes. The spatial relationship between potassium meta-
somatism (feldspathisation, biotitisation, and sericitisation) and
ore mineralisation is visible in both hand specimens and thin
sections.

Feldspar metasomatism is present in zones that are as much
as several tens of centimetres thick. This zoning does not show
any spatial relationship with fracturing. The contacts between
altered and unaltered rocks are sharp. Potassium feldspar is the
most common mineral in these zones and is the main compo-
nent of the fine grained matrix. Locally, potassium feldspar
forms large (to a few millimetres in diameter), xenomorphic
grains that are often associated with plagioclase relicts. Less
common minerals associated with potassium feldspar meta-
somatism include sericitised plagioclase, micas, and quartz.

Opaque ore minerals, including molybdenite and chalcopyrite,
are very common.

Granitoids are generally less altered than dacitoids. How-
ever, zones of strong alteration are present locally in grani-
toids and are characterised by sericitised and carbonatised
plagioclases and intensely chloritised biotite. The pseudo-
morphs after biotite are composed of chlorite, hydro-
muscovite, calcite, epidote, and Fe and Ti oxides.

Sericitisation is commonly observed in quartz veins associ-
ated with polymetallic mineralisation. The main components
(plagioclase and biotite) are present in the form of sericite-
-hydromuscovite pseudomorphs that are accompanied by nu-
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Fig. 25. Classificatory position of magmatic rocks (dashed field) on the R1 — R2 diagram
(de La Roche et al., 1980, after Markiewicz, 1998, supplemented)

On the right side: enlarged fragment of the diagram: 1 — alkali granite (alkali rhyolite), 2 — granite (rhyolite), 3 — granodiorite (rhyodacite); symbols:
cross — granitoid; point — dacitoid

Fig. 26. TAS diagram (total alkali–silica) for dacitoids

Black points: projection of analysed rock samples





The concentrations of Na2O and K2O yield much wider ranges
than do the other major elements.

The chemical analyses of the selected granitoids and
dacitoids have been compared with the chemical composition of
rocks from other localities that host porphyry-copper deposits.
Generally, the analysed rocks from the Myszków area are close
to the composition of rocks from porphyry-copper deposits in
the north-western part of the United States and in the Andeans
Cordillera that were studied by Titley and Beane (1984).

Similar conclusions were reached by Karwowski (1988),
who investigated the physico-chemical conditions of ore min-
eralisation connected with magmatic processes in the Myszków
area. However, interpreting the origin of the granitoids, based
solely on chemical analyses must be done very carefully
because data for most Myszków samples plotted on a
SiO2-Al2O3/(CaO+Na2O+K2O) diagram plot close to the line
that divide granitoids into the type I and type S field, and into
the granite I field.

TRACHYANDESITES AND LAMPROPHYRES

Trachyandesites were encountered in borehole Pz-31 (Hef-
lik and Piekarski, 1989), and in holes Pz-16, Pz-27, Pz-30,
Pz-35, Pz-36, Pz-38, and Pz-40 (Markiewicz, unpubl. report,
1989), where they are found as dikes cutting granitoids. The
trachyandesites have porphyritic textures and random struc-
ture. Their phenocrysts are most commonly variably altered
oligoclase and pseudomorphs after mafic minerals. The matrix
texture is finely crystalline, and locally trachytic. The mineral
content of the matrix is composed of potassium feldspar
(orthoclase; Heflik and Piekarski, 1989), plagioclase, chlorite,
quartz, and calcite. Apatite, magnetite, and hematite are the ac-
cessory minerals.

In borehole Pz-31, the most common minerals in the trachy-
andesites are feldspars (Heflik and Piekarski, 1989). These in-
clude plagioclase (44.5% by volume) and potassium feldspar
(20.0%). Also present are numerous iron oxides (15.0% by vol-
ume) and calcite (10.0%). Less common are quartz (4.0% by
volume), chlorite (5.0%), epidote (1.0%), and apatite (0.5%).
Irregular, clot-like forms that are a few mm in diameter and
mainly composed of epidote with lesser amounts of quartz and
calcite, were encountered in a dike in the bottom part of bore-
hole Pz-31.

The investigated lamprophyres are equivalent to calc-alka-
line lamprophyres (lamprophyres sensu stricto, after Wim-
menauer, 1973), and are classified as minettes. They have been
intersected in boreholes Pz-12, Pz-16, Pz-31, and Pz-36, in
rocks of Silurian age.

These lamprophyres are brown-grey or brown-green in col-
our and have porphyritic textures. Under the microscope, they
exhibit hipautomorphic, holocrystalline to porphyritic textures
and consist of a holocrystalline matrix and of phenocrysts that
are mainly composed of biotite (9.6 to 22.0% by volume). Apa-
tite (3.4–3.5% by volume), oligoclase (0.0–8.1%), orthoclase
and quartz (1.0–2.4%) are present in smaller amounts.

Biotite in the lamprophyres is well preserved and occurs as
euhedral plates that are as much as 1.2 mm in diameter.
Euhedral apatite crystals are very common, and are similar in
size to biotite crystals. Less common are feldspars, which usu-
ally have a low birefringence, are carbonatised, and contain
a dusting of Fe oxides.

The lamprophyres contain much more matrix material than
phenocrysts (about a 3:1 ratio). The matrix material is com-
posed of strongly altered feldspars, biotite, chlorite, sericite,
calcite, kaolinite, and opaque minerals (magnetite and hema-
tite). The diameter of grains in the matrix normally varies from
0.01 to 0.04 mm but occasionally are as much as 0,1 mm. Some
matrix feldspars have dendritic or spherulitic habits.

The chemistry of the lamprophyres shows a wide range of
values for many elements, partly because of their primary vari-
ability and partly because of alteration processes (Heflik et al.,
1985, 1992; Ryka, 1978). Except for lamprophyres from bore-
hole Pz-8, these rocks are depleted in silica, (Heflik et al., 1985;
Ryka, 1974). All of the lamprophyres are characterised by a
strong predominance of K2O over Na2O.

MAGMATIC AND POSTMAGMATIC FLUIDS

Samples for this study were collected from cores from
boreholes Pz-1, Pz-2, Pz-3, Pz-5, Pz-6, Pz-7, Pz-9, Pz-10,
Pz-17, Pz-18, Pz-20, Pz-21, Pz-22, Pz-24, Pz-25, Pz-26, Pz-29,
Pz-31, Pz-35, and Pz-40. Samples were taken from the felsic
magmatic rocks with various types of alteration and from
veins, fissures, and other structures that cut the metamorphic
and (or) magmatic rocks.

Temperature data on fluid inclusions were determined in
ovens constructed by the author and R. W³odyka. The Naumov
and Malinin (1968) methods was used to determine the crystal-
lisation pressures of minerals. The homogenisation tempera-
tures of the fluid inclusions were controlled using an alloy

cooling technique (Roedder, 1971) and a pipe furnace con-
structed similarly to the one described by Koz³owski (1981).

Most of the crystalline phases were identified in polarised,
reflected, and transmitted light, based on their optical and mor-
phological properties. Electron microprobe and spectral laser
analyses were used to identify crystalline phases in the inclu-
sions. The water extraction technique of Kalju¿nyj (1960) was
used to determine the chemical composition of the post-
magmatic inclusions. Electron probe analyses was used to es-
tablish the concentrations of the fluids in individual inclusions.
The resulting data were recalculated to equivalent NaCl values
(Koz³owski and Karwowski, 1972).
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PLATE I

Magmatic and postmagmatic fluids 41

Fig. 1. Highly concentrated brine inclusion (non homogenous below 1 250°C) in magmatic quartz. Pz-17/471.3 m/x1 900. Fig. 2. Salt-melt inclusion; homoge-
nisation temperature 1 224°C. Magmatic quartz. Pz-17/471.3 m/x2 200. Fig. 3. Highly concentrated brine inclusion; H — halite, s — sylvite, cp – chalcopyrite;
unidentified anisotropic phase (T

h
— 768°C) from quartz vein cutting porphyry. Pz–5/599.8 m/x 2 000. Fig. 4. Multi-phase brine inclusion; H — halite, s — sy-

lvite, hm — specularite (T
h

— 456°C). A–9/404.8 m/x 3 000. Fig. 5. Brine inclusion with crystals of halite (H), sylvite (s), chalcopyrite (cp), and probably of
carbonate (carb). Magmatic quartz. Pz–3/262.0 m/x 2 200. Fig. 6. Inclusion of low-concentrated brine with halite (H), sylvite (s), and pyrite (py). Magmatic qu-
artz. Pz-2/375.3 m/x 1 700. Fig. 7. Inclusion similar to the one above (Fig. 6) without pyrite, and with unidentified anisotropic phase (x), H — halite, s — sylvite.
Pz-2/375.3 m/x 1 800. Fig. 8. Brine inclusion subsequently filled with gaseous fluid; in gas bubble poorly visible halite crystal (H), unidentifiable anisotropic
mineral (x) also present. Magmatic quartz. Pz-17/189.6 m/x 2 100. Fig. 9. Liquid-gaseous inclusion in magmatic quartz. T

h
about 400°C. Pz-10/764.4 m/x

1600. Fig. 10. Three-phase liquid-gaseous inclusion with halite (H). Magmatic quartz. T
h
— about 760°C. Pz-1/237.5 m/x 1 700. Fig. 11. Brine inclusion with

halite (H) and chalcopyrite (cp). Quartz vein. T
h
— 343°C. (chalcopyrite non solvable). Pz-1/237.5 m/x 1 900. Fig. 12. IInd type brine inclusion with halite (H),

sylvite (s), and chalcopyrite (cp). Magmatic quartz. T
h
— 384°C. Pz-1/237.5 m/x 2 000. Fig. 13. IInd type fluid brine inclusion with lower halite (H) and sylvite

(s) content. In sylvite — small grain of iron sulphide. Magmatic quartz. T
h
— 361°C. Pz-1/237.5 m/x 1900. Fig. 14. Low-concentrated brine fluid inclusion with

halite (H), chalcopyrite (cp), and unidentifiable anisotropic phase (x). Magmatic quartz. T
h

— 321°C. Chalcopyrite non-solvable. Pz-7/615.0 m/x 2 100.
Fig. 15. Inclusion of diluted brine with a small halite crystal (H). Magmatic quartz. T

h
— 290°C. Pz-1/158.0 m/x 1 800. Fig. 16. Molybdenite crystals aggregate

(mb) in gaseous-liquid inclusion. Gas bubble (b) and inclusion outline poorly visible. T
h
of a gas bubble — 294°C. Quartz vein. Pz-10/525.5 m/x 1 100, reflec-

ted and transmitted light, one nicol.

Inclusion from Figures 1–15 taken by transmitted light, with one nicol.















PLATE II

48 Mineralogical characteristics of the mineralisation

Fig. 1. Metasomatic replacement of amphiboles by chalcopyrite (cp), magnetite (mt), and hematite (hem). Pz-33/218.2 m/1N.

Fig. 2. Feldspar-epidote metasomatite with quartz-feldspar-chalcopyrite veins. Pz-32/673.7 m.

Fig. 3. Quartz stockwork cut by a vein composed of black quartz pseudobreccia with disseminated sulphides. Pz-29/747.1 m.

Fig. 4. Feldspar metasomatite. Unaltered parts of granodiorite — dark grey. Pz-33/986.2 m.

Fig. 5. Impregnation of secondary biotite in metasomatic feldspar mass. Pz-33/847.1 m.

Fig. 6. Two generations of quartz veins: (1) stockwork type — older, (2) black quartz with sericite and sulphides — younger. Pz-33/512.4 m.



PLATE III

Period III — late, post-mineralisation 49

Fig. 1. Dark grey sericitised zone overlapping a deformed quartz vein. Pz-29/640.0 m.

Fig. 2. Monomineralic concentration of molybdenite (mo). Reflected light. Pz-17/1000.3 m/XN.

Fig. 3. Aggregate of molybdenite (mo) and scheelite (sch) in quartz. Reflected light. Pz-29/667.0 m/1N.

Fig. 4. Black quartz veins with sulphides overlapping a stockwork system of quartz veins with molybdenite. Pz-33/470.2 m.

Fig. 5. Granodiorite altered in phyllic metasomatism, impregnated by pyrite and chalcopyrite. Pz-26/526.6 m.

Fig. 6. Massive concentration of sphalerite, galena, chalcopyrite, and pyrite in quartz. Pz-10/756.5.













Statistical evaluation of the analyses 55

T a b l e 1 8

Summary statistics for 292 samples of felsic intrusive rocks

Variable
Range of values No.

Unqual.

Percent

Unqual.
Geometric mean

Ca-granite

Abundance4Minimum Maximum

Ag1 N(0.067) 14 280 96 0.68 0.051

Al% 4.7 9.1 292 100 7.14 8.20

As1 N(0.67) 36 41 14 <1.0 1.9

Au1 N(0.002) 0.25 57 202 0.002 0.004

Ba 44 2100 292 100 580 420

Be 1.0 6.0 292 100 2.6 2

Bi1 N(0.67) 99 137 47 3.3 0.033

Ca% 0.42 2.9 292 100 1.30 2.53

Cd1 N(0.050) 16 255 87 0.28 0.13

Ce 19 140 292 100 40 47

Co L(1.0) 91 291 99 4.9 7

Cr 3.0 800 292 100 8.3 22

Cu 18 9100 292 100 630 30

Fe% 0.71 4.80 292 100 1.58 2.96

Ga 11 21 292 100 17 17

Hg N(0.02) 0.43 125 432 0.037 0.08

K% 1.40 5.20 292 100 3.52 2.52

La 11 89 292 100 24 45

Li 5.0 110 292 100 22 24

LOI 925 0.36 5.08 292 100 1.16 –

Mg% 0.23 2.10 292 100 0.50 0.94

Mn 88 1900 292 100 280 540

Mo L(2.0) 2900 287 98 140 1.0

Na% 0.86 5.3 292 100 2.25 2.84

Nb L(4.0) 21 275 94 9.3 20

Nd 8.0 58 292 100 17 33

Ni L(2.0) 370 263 90 5.5 15

P% 0.03 0.16 292 100 0.052 0.092

Pb L(4.0) 2600 291 99 33 15

S% L(0.05) 2.5 287 983 0.35 0.03

Sb1 N(0.67) 150 89 30 <1.0 0.2

Sc 2.0 18 292 100 4.5 14

Si% 26.6 36.7 292 100 32.9 31.4

Sr 130 9600 292 100 320 440

Te1 N(0.05) 5.0 177 612 0.18 0.02

Th L(4.0) 13 291 99 8.4 8.5

Ti% 0.13 0.61 292 100 0.21 0.34

Tl 0.30 60 289 992 0.72 0.72

V 20 130 292 100 34 88

W N(10) 1500 288 992 90 1.3

Y 7.0 20 292 100 10 35

Yb L(1.0) 2.0 167 57 1.1 3.5

Zn 9.0 1100 292 100 53 60

1 Element has more than one lower limit of determination. Lowest value shown.
2 Only 289 samples analysed for Au, Hg, Te, Tl, and W.
3 Only 290 samples analysed for S.
4 Values for Bi (Santoliquido and Ehmann, 1972), Ce (Taylor, 1969), and Te (Beaty and Manuel, 1973) are for granodiorite. All other values are from Turekian
and Wedepohl (1961) for high calcium granites.

All values in parts per million (ppm) unless ‘%’ is shown after variable symbol. For qualified analyses, ‘L’ = element detected but in a concentration less than

the lower limit of determination shown, and ‘N’ = element not detected at the lower limit of determination shown. Except for As and Sb, mean values based on

unqualified values only. ‘–’= no meaningful value. Bolded variable symbol indicates probable enrichment of variable in study area.
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T a b l e 1 9

Summary statistics for 174 samples of metasedimentary rocks

Variable
Range of values No.

Unqual.

Percent

Unqual.

Geometric

mean

Shale

Abundance2Minimum Maximum

Ag1 N(0.067) 7.8 162 93 0.47 0.07

Al% 4.9 10 174 100 8.13 8.00

As1 N(0.67) 69 48 28 <1.0 0.5

Au1 N(0.002) 0.01 22 13 0.002 0.004

Ba 38 1200 174 100 460 580

Be 1.0 13 174 100 3.1 3

Bi1 N(0.67) 290 83 48 3.9 0.5

Ca% 0.28 3.7 174 100 0.81 2.21

Cd1 N(0.050) 7.1 147 84 0.26 0.3

Ce 40 100 174 100 64 59

Co 8.0 60 174 100 16 19

Cr 8.0 140 174 100 59 90

Cu 14 8000 174 100 330 45

Fe% 2.10 6.40 174 100 4.00 4.72

Ga 12 26 174 100 20 19

Hg N(0.02) 0.24 72 42 0.052 0.4

K% 2.20 6.80 174 100 3.65 2.66

La 22 54 174 100 34 39

Li 22 120 174 100 50 66

LOI925 0.39 6.69 174 100 1.67 –

Mg% 0.91 3.00 174 100 1.54 1.50

Mn 200 2100 174 100 720 850

Mo L(2.0) 1500 148 85 110 2.6

Na% 0.12 3.00 174 100 1.82 0.96

Nb L(4.0) 24 170 98 14 11

Nd 20 48 174 100 31 24

Ni 13 190 174 100 32 68

P% 0.03 0.25 174 100 0.070 0.07

Pb L(4.0) 760 173 99 25 20

S% L(0.05) 3.5 171 98 0.32 0.24

Sb1 N(0.67) 12 38 22 <1.0 1.5

Sc 8.0 22 174 100 17 13

Si% 26.2 33.5 174 100 29.5 –

Sr 57 2100 174 100 130 300

Te1 N(0.05) 70 113 65 0.31 0.05

Th 6.0 24 174 100 9.9 12

Ti% 0.30 0.70 174 100 0.49 0.46

Tl 0.35 2 174 100 1.0 0.3

V 53 150 174 100 100 130

W N(10) 460 169 97 35 1.8

Y 9.0 27 174 100 16 26

Yb L(1.0) 3.0 165 95 1.8 2.6

Zn 24 980 174 100 91 95

1 Element has more than one lower limit of determination. Lowest value shown.
2 Values for As, Bi, and Te are estimates based on analyses of unaltered samples of meta-siltstone from the study area. Correct values are probably lower than es-

timates shown. Value for La is average of four shale values listed in Wedepohl (1978). All other values are from Turekian and Wedepohl (1961).

All values in parts per million (ppm) unless ‘%’ is shown after variable symbol. For qualified analyses, ‘L’ = element detected but in a concentration less than

the lower limit of determination shown, and ‘N’ = element not detected at the lower limit of determination shown. Except for As and Sb, mean values based on

unqualified values only. ‘–’ = no meaningful value. Bolded variable symbol indicates probable enrichment of variable in study area.





























Mo-W mineralisation. In the intermediate zone, Hg coexists
with Au. The area of anomalous Hg is wider than that of Au,
and encompasses the entire intermediate zone. The area with
isolated points containing anomalous Sb (>4 ppm) extends
even farther than that of Hg and includes part of the neighbour-
ing peripheral zone.

Anomalous Pb is found in the transition area between the
intermediate and peripheral zones (400–900 m from the cen-
tre of Mo-W mineralisation). Average lead concentrations
are generally much higher in the intermediate zone (92 ppm)
than in the peripheral zone (31 ppm). The highest Pb concen-
trations (0.1–0.3%) were detected in all types of magmatic
rocks where they are in contact with adjacent wall rocks.

Anomalous LOI values (>1.5%) are present over a large
area that extends from the outer part of intermediate zone
(600 m from the centre of mineralisation) to the farthest parts of
the peripheral zone investigated to date (about 1200 m from the
centre of mineralisation).

The characteristic elements for the areas located farthest
from the mineralisation centre (700–1200 m) include: Ba, Zn,
Cd, As, Bi, and Te, and locally Ag and Cu. The average Ba con-
tent increases gradually with distance from the centre of miner-

alisation. Barium concentrations >800 ppm are characteristic
for areas located between 650 and 850 m from the centre of
mineralisation.

There are no distinct Zn and Cd anomalies in the Mysz-
ków deposit. However, single anomalous points are scattered
over all of the intermediate and peripheral zones. The aver-
age concentrations of Zn and Cd increase from the core zone
outward toward the peripheral zone (to as much as 84 ppm Zn
and 0.61 ppm Cd). The highest individual anomalous sam-
ples for these two elements are found in the areas near the
core zone in the host rocks where they are in contact with
dacitoids dikes.

The highest As concentrations (over 10 ppm) are also found
in the peripheral zone. This element shows a very strong spatial
correlation with Cu and Sb in that zone, suggesting that miner-
als of the tetrahedrite-tennantite group may be present.

Average Bi concentrations also increase with distance out-
ward from the core zone and reach a maximum of 6.68 ppm in
the peripheral zone. There are no large distinct Bi anomalies.
Single samples with anomalous Bi have been identified in the
uppermost parts of the Vendian to Early Carboniferous com-
plex, where the magmatic rocks are in contact with the wall
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Fig. 41. Schematic zoning of the main elements in the Myszków deposit
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