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Abstract: Systematic mineral exploration in the Zelezné hory Mts. carried out for in more than two decades and completed in 1991 provided
plentiful new information on the geological structure of the Zelezné hary pluton and its surrounding rock complexes. In this paper geotectonic
position of the Zelezné hory pluton within the Bohemian Massif is characterized using data from regional geological studies and geophysical
mapping. A detailed tectonic, magmatic and postmagmatic Variscan and post Variscan history of the Zelezné hory pluton is presented. A
multiple-stage development is documented by geological, tectonic and petrologic studies. Rock classification is based on microscopic study and
numernc treatment of 758 silicate analyses, 443 RFA trace element analyses and 137 INAA trace element apalyses. An outline of ore deposits

associated with the Zelezné hory pluton and their metallogenic classification are also given,
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Introduction

During the last few decades our knowledge of the geologi-
cal structure of the Zelezné hory Mts. region considerably
improved. An cffort to assess the economic ore potential
of this region and to actually [ind new mineral deposits
stimulated a number of regional geological, geophysical,
geochemical, tectonic, petrological and mineralogical stud-
les. Data generated by specialists from many institutions
are scattered in various manuscripts, unpublished final
project reports, diploma works and dissertations. In this
paper we summarize and review contemporary literature
on the geology of the Zelezné hory Mts, and the main
results of our own work and the work of our collaborators
M. Abraham, S. Bfezina, V. Cvejn, M. Kloz, Z. Prochazka,
J. Sura, K. Zidek, M. Zidek (Spadek et al. 1985, 1991). Also
mentioned is the work of numerous research students from
Charles University, Prague, Masarvk University, Brno and
the Institute of Mining and Metallurgy, Ostrava (L. Ha-
rapad, ¥. Hir§l, M. Novik, Z. Piitora, T. Stielec, M. Sipek,
J. Vostradovsky and D. Tesafova). Basic information on
magmatogenic formations of the Zelezné hory pluton, the
Lukavice and Benatky belts and the crystalline mantle of
the pluton can be found in Voditka (1950, 1966), Vachtl
{1975), Vachtl and Knotek (1979), Minafik et al. (1983),
PoSmourny et al. (1985), Zerulkova (1988) and Rambousek
(1989). Tectonic patterns of the Zelezné hory pluton and
of the Proterozoic and Paleozoic rock suites of the Zelezné
hory Mts. region were discussed by Maska (1962), Bened
(1963) and Vachtl (1979).

Simultaneously with a detailed exploration of the Zn, Ba
ore deposit Kfizanovice (Spacek et al. 1985, Drozen et al.
1987) and with further prospecting for mineral deposits in
the Zelezné hory pluton and surrounding rocks, new re-
gional geological, petrologic, tectonic and geophysical
studies were caried out (Poémourny et al. 1985, ZeZzulkovi
1988, Rambousek 1989, Dédadek et al. 1984, Sedlik et al.
1990}. In addition to microscopic description of rock types,
petrochemical data were processed in the Center of Ap-
plied Geochemistry, Jihlava using all major petrochemical
classification systems. This enabled us to evaluate the de-
gree of homogeneity of igneous rocks, and of metamor-
phites in the rock mantle, as well as their metallogenic
specialization (Spadek et al. 1985, 1991). Here we mostly
discuss Variscan intrusive and subvolcanic members of the
Zelezné hory pluton, i.e. rocks easy to observe directly in
the exposed central and southern part of the pluton, which
arc also important metallogenically.

The regional geological and geotectonic setting
of the pluton

The Zelezné hory pluton is a complex of plutonic, volcanic
and granitized rocks, formed in the tectonic crossing near
the NE border of the core of the Bohemian Massif during
Cadomian and Upper Variscan tectonic cycles. The pluton
is situated in the eastern part of the region of the Zelezné
hory Mts. and in the basement of the Labe river region
between Tynisté nad Orlici, Hradec Kralové and Chrudim,
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. Synoptical geological map of the Zelezné hory pluton with symbols of main ore deposits (modified from Spafek et al. 1991). Platform cover:
1 - Cretaceous of the Labe district and Dlouhd mez cut basin; 2 - Permocarbon of Kraskov, Central Bohemian region: 3 - Cambrian, Ordovician,
Silurian in the Chrudim Paleozoic unit; 4 = Stlunian-Ordovician of the Hlinsko zone; 5 — xenolites of contact hornfels in granodiorites of Skuted
type; & — metavolcanites of Ordovician age in Lukavice belt; 7 - Upper Proterozoie volcanosedimentary group of strata of the Hlinsko zone.
Kutnd Hora-Svratka region, crystalline complexes: 8 - Podhofany; 9 - Kutnd Hora; 10 - Svratka; 11 - periplutonic migmatized and granitized
equivalent of Pre-Variscan crystalline complex in crystalline mantle of the Zelezné hory pluton. Magmatic complexes of Pre-Variscan age: 12 -
xenolites of basiles and metabasites in tonalite body of KihiZanovice type and ultrabasic rocks of the Ransko massif. Variscan magmatites ot
Zetezné hory pluton: 13 - basalt dykes; 14 — subvoleanites of rhyolite up to dacite composition in Lukavice and Bendtky belts; 15 - granite of
Kfizanovice and Zumberk types; 16 — cataclastic granite of Hlinsko type; 17 - granodiorites to quartz diorites of Skuted type; 18 — tonalite to
quartz diorite of Kfizanovice type. Postmagmatic metamorphism: 19— zones of rocks reworked by kinetic and metasomatic processes. Structural
elements: 20 - dislocation zones with mylonitization and hydrothermal alterations; 21 - cleavage in kinetically and metasomatically metamor-
phosed rocks; 22 — schistosity in sediments and foliation in metamorphites; 23 - primary foliation in volcanites of Lukavice belt; 24 — planar and
linear fabric in tonalites of KfiZanovice type; 25 - B axes of antiform and synform megafolds; 26 - faults; 27 - reverse faults; 28 - stratigraphic
and intrusive contact; 29 — gradual petrological transitions; 30 - discordances: 31 - sulphidic ore deposits; 32 - geological cross section. T1 - Pole
diagram of planar parallel fabric in tonalites of Kfizanovice type. Maximal elongation of xenolites — X-axes and the main plans of ductile How
D1 and D2 are marked. No. 20, Contours, % 25, 10, 5. T2 — Pole diagram of planar parallel fabric in granodiorites of Skuted type and foliation
in xenolites of amphibolites and gneisses. The constructive axes of plicate deformations (r axes) and main systems of foliation Bl and B2 are
marked. No. 30, Contours, % 17, 10, 3. T3 - Contact plans diagram of dykes and smaller bodies of KfiZanovice type granite. The main systems
k1 and K2 and dykes of basalts B and lamprophyres @ are marked . No. 20, Contours, % 15, 10, 5. T4 - Pole diagram of cleavage — foliation Fa
in KfiZanovice ore and dislocation zones. The lineation La, X—-axes of boudinage in extension régime ER and translation régime TR, average dip
and strike of baryte-sphalerite ore deposit Kfizanovice I, its main (M ) and secondary (8) morphological axis are marked; 01, G2, O3 normal strains
of extension tectonic régime. N = 30, Contours, % 12, 8, 2.
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Its surface area is about 600 km? (Vacht]l 1979, Misar et al.
1983, Fig. 1, Fig. 7).

The northern exposed part of the pluton has an E-W
zonal structure given by the shape and position of a tonalite
body of the Kfizanovice type, a granite body of the Zum-
berk type and volcanites of the Lukavice belt. In the eastern
and south-ecastern part of the Zelezné hory pluton grano-
diorites of the Skute¢ and Hlinsko types and volcanites of
the Benatky belt follow a NNE-SSW to NE-SW direction.
This direction aiso prevails in the northern segment of the
Zelezné hory pluton, which is covered by Cretaceous sedi-
ments. Another NW-SE structural system is situated in the
southern part of the pluton. All these systems and their
position in different parts of the pluton are apparent from
magnetometric and gravity maps (Maska 1962, Dédacek et
al. 1984, Ibrmajer, Suk ct al, 1989, Sedlik et al. 1990).

The Cadomian members of the pluton, i.e., ultrabasic
rocks of the Ransko Massif, basic rocks of the Svaty KFiz
Massif, and granitoides of the Chvaletice Massif, are situ-
ated mosily at the southern, south-western and western
margin of the pluton along the contact with Lower to Upper
Proterozoic units (Vacht] 1979, Misaf et al. 1983). Grani-
toides of the Vieradov complex at the south-eastern margin
of the pluton, classified by Vachtl (1975, 1979) as Cadomian
members of the Zelezné hory pluton, represent, according
to new geological and petrologic studies, multimetamor-

phosed orthogneisses. These rocks form a mantle of Middle
Variscan granodiorites of the Hlinsko type and of Upper
Variscan subvolcanic bodies of the Bendtky type (Spacdek et
al. 1991, Fig. 1).

The central and northern part of the pluton is built by
Lower to Upper Variscan magmatites with a tonalite (Kii-
Zanovice type ), granodiorite (Skuted type) and granite {Kii-
¥anovice and Zumberk type} composition. Subvolcanite
rocks of a granitoid character are part of the linear Luka-
vice and Benatky belts near the northern and south-eastern
margins of the pluton (Fig. 1).

Migmatized and granitized rocks of the crystalline man-
tle, belonging to the Proterozoic Kutna Hora-Svratka re-
gion, build the southern part of the pluton, on surface
representing about 90 km®. Granitoides of the Skuteé and
Hlinsko types intrude into the rock mantie in the form of
clongated digitations (Fig. 1).

The character of the contact of the Zelezné hory pluton
with surrounding rock units varies considerably. Of a most-
ly mntrusive character is the contact with Lower Paleozoic
strata of the Hlinsko belt. The contact with the Chrudim
Paleozoic coincides with a tectonic line of an overthrust,
which is indicated by a strong gravity gradient between
granitoid bodies of the Zelezné hory Mts. and a massive
group of strata of the Chrudim Paleozoic (Sedlik et al,
1990, Fig. 2). The contact with the Lower Paleozoic vol-
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2. Geological and geophysical cross section of western part of the Zelezndé hory pluton {modified from Déddcek et al. 1984, Sedlak et al. 1990

and Spacek et al. 1991, for cxplanation see Fig. 1).



canogenic Lukavice belt in the North and with the Protero-
zoic of the Vitanov group in the south-east have the char-
acter of a geosuture healed by Upper Variscan volcanic and
subvolcanic rocks {Vodicka 1966, Vachtl 1975, PoSmourny
et al. 1985).

In a geophysical model of the Bohemian Massif, this
pluton is classified as part of the Zelezné hory block situ-
ated in the Barrandian-Zelezné hory zone which is charac-
terized by a positive gravity anomaly. The Zelezné hory
biock is assumed to be a segment of a fossil geotectonic
system of Proterozoic age (Vacek et al. 1983, [brmajer, Suk
et al. 1989). This system was faulted and the resulting
segments were transported mostly into the mobile Labe
lineament of a NW-SE direction by later tectonic move-
ments (Railich 1987).

Two different crustal blocks border on each other near
the margin of the Zelezné hory segment. The first block is
characterized by a positive gravity anomaly with splitted
magnetic field and was formed by oceanic crust during the
Cadomian cycle. The second block is characterized by a
negative gravity anomaly with homogeneous magnetic
field, and was formed by continental crust consolided in the
Pre-Cadomian cycle (the sialic and simatic core type of
Zeman 1978).

A network of deep-seated faults formed along block
houndaries, known as the Labe and Pribyslav systems ( Von-
drovi 1963, Blfzkovsky et al. 1975) or the Zelezné hory and
Jihlava systems (Vachtl 1979), The mobility of deep-seated
faults near the margin of the crystalline core of Moldanu-
bicum {Zeman 1978) controlled Paleozoic sedimentation
(Havli¢ek 1980), magmatic evolution and geological struc-
ture in the Variscan stage (Vachtl 1979) and also black
segmentation during Saxonian tectogenesis (Malkovsky
19801.

The Variscan stage of the Zelezné hory pluton

Magmatic development of the Zelezné hory pluton during
the Variscan tectogenesis is characterized by several stages.
Based on geological relationships and model age, tonalites
of the KfiZanovice type (Rb-Sr method, 483 * 91 Ma,
Scharbert 1987} and amphibole-biotite to biotite grano-
diorites and quartz diorites of the Skutec type (K-Ar
method, 332-336 Ma, Smejkal 1960, 1964) arc considered
to be Early Variscan members. Cataclastic biotite granite
of the Hlinsko type, porphyric biotite granite of the Zum-
berk types and biotite granite of the KfiZanovice and Zum-
berk type (K-Ar method, 225 Ma, f-.'-mejkul 1960}, Rb-Sr
method, 320 + 4 Ma, Scharbert 1987) belong to the Late
fariscan phase.

Subvolcanites of a dacite and rhyodacite composition,
which form part of the Lukavice belt in the North and of
the Bendtky belt in the South-east, are probably Late Varis-
can (Fig. 1).

Position and petrology of individual rock types

Tonalites of the Krizanovice type

As seen from Fig. 1, tonalites form a body of an elliptical
shape, 14 km in length and 3 km in width, elongated in the
E-W direction. Geophysical mapping (Dédacek et al. 1984,
Sedlik et al. 1990) and data from several boreholes suggest
that the tonalite body with xenolites of basic rocks contin-
ues in the NE direction 4 km balow the Cretaceous basin,
The tonalite body has specific textural and structural fea-
tures. Xenolites consisting of amphibolite gabbro, diorite,
metagabbro to amphibolite but also of rocks of sedimen-
tary origin (biotitic gneisses, quartzites and erlans) abound
(Vachtl - Knotek 1979, Spadek et al. 1985, Drozen et al.
1987). Small bodies of biotite granite of the Kfizanovice
type and vein swarms of subparallel basalts intrude into the
tonalites and their xenolites (Fig. 1). The size of xenolites
varies from centimeters to several kilometers, but the shape
is mostly the same, oval or strongly elongated, lenticular 1o
tabular (Fig. 2). Anizometric xenolites have the shape ofan
index ellipsoid. Their main deformation plane XY is ori-
ented subparallelly in the NW-5E and NE-SW directions
with an abrupt dip 70-80" toward SW and 5E. The rock
fabric is documented (Fig. 1, T1) by a subvertical position
of elongation axis X, by the shaping of tonalite in the régime
of flow folding and its diapiric ascent {Spadéek et al. 1985,
Drozen et al, 1987). The position of tonalites in a zone of
strong magnetic and gravity gradients (Dédacek et al. 1984,
Sedldk et al. 1990, Fig. 2), the petrographic variety of
xenolites, their anizometric form and anizotropic fabric, all
suggest the influence of intensive deformations, which can
be explained by the model of a deep-seated ductile shear
zone (Ramsay 1980, Rajlich 1987},

The tonalites are medium to corse grained rocks of
grayey colour, mostly strongly oriented. Some of them are
porphyric. Corse grained plagioclase prevails over fine
grained mixture of quartz and dark amphibole and biotite.
Common accessory minerals are apatite, zircone, titanite,
pyrite and magnetite, among secondary minerals epidote,
sericite, chlorite and calcite predominate. In our geochemi-
cal data base tonalites represent a large data set petrologi-
cally relatively homogeneous. The data were plotted into
graphs by De la Roche and Kdhler-Raaz (Fig. 3).

In the Koéhler-Raaz's diagram, the Kfizanovice tonalites
follow a differentiation line of calc-alkaline rocks (gabro-
diorites to granodiorites) with a clear affinity to altered
rocks.

The content of rare earth elements standardized to chon-
drites shows a continuous moderate decrease from light to
heavy REE (Tab. 3). A positive europium anomaly was
observed in several samples.

The position, shape and fabric of xenolites, as well as
their petrologic character, were controlled by the tonalite
intrusion of the KfiZzanovice type along a deep-seated shear
zone. The gabbros, primarily prevailing in xenolites, were
reworked into diorites and amphibolites and were refoli-
ated near the margins.



The modal composition and chemism of xenolites stud-
ied in 29 samples from the KfiZanovice ore zone is that of
diorite (Spadek et al. 1991). The trace element composi-
tions typical for both basic rocks (i.e., increased Cu, Cr, Ni,
Co), and for sedimentary rocks (i.e., increased As, W) were
determined in the metabasites of the KfiZanovice ductile
shear zone. This variable pattern of trace elements distri-
bution as well as changes of characteristic element relation-
ships suggest possible granitization of basic rocks (Burkov
- Rundquist 1979). The plots show a decreasing content of
REE element from LREE to HREE (Spadek et al. 1991).

SkuteC type granodiorites

Amphibole-biotite and biotite granodiorites to quartz dio-
rites of the Skuted type form a few larger and several
smaller bodies in the eastern and north-castern part of the
Zelezné hory pluton. These bodies are mostly elongated in
the NE-SW direction. They intrude into migmatized and
granitized rocks of the rock mantle and represent centers
of ultrametamorphism, melting and homogenization,
Close relations of these rocks to the crystalline mantle are
documented by schlier and shoestring relics of amphiboles,
gneisses and biotite cherts, embedded in granodiorites (ac-
tive and abandoned quarries near Skuteé, Prosetin, Da-
chov, Mifetice and Trhovd Kamenice - Spacek et al. 1991).

The foliation of inclusions and plane parallel fabric in
granodiorites varies, nevertheless two main systems are the
most important: B 1 of NNE-SSW and B 2 of WNW-ESE
direction. Dipping of the foliation 1s much more uniform,
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mostly in the range of 70-85" (Fig. 1, T1). The inclusions
undoubtedly represent relics of some steeply dipping mo-
noclinal group of strata or, rarely relics of intensively com-
pressed limbs. In granodiorites the componental move-
ment was mostly steep as shown by the longer axis of
lenticular relics and coincident with the dip of foliation, The
granodiorite fabric and undoubtedly also the position and
shape of granodiorite bodies depend on the fabric of meta-
morphic mantle rocks. Granodiorites have a copying rock
[abric (Benes 1963). Measurements of magnetic fabric led
to similar conclusions (Hrouda - Chlupicovi 1980,

Granodiorite of the Skuteé type is fine to medium grai-
ned rock, grey, dark-grey toblue-grey in colour, mostly with
indices of orientation or weakly oriented. Main minerals
are acid plagioclase, quartz and, in most cases K-feldspar,
Accessory minerals are apatite, magnetite, zircone, scricite,
chlorite and calcite. The composition of leucocrate types
is mostly granodioritic, melanocrate types pass into
tonalites and exceptionally into diorites {Minafik et al.
1983, Fig. 4).

The variable petrologic character of granodiorites is il-
lustrated by classification diagrams. Data points in the TAS
diagram are concentrated in the field of dacitoides and
continuously pass into the field of andesites and partially
also into the trachyte and trachvandesite fields. In the graph
according to Kéhler-Raaz, the data points form a large
cluster between diorites and granodiorites, with a clear
tendency to altered types. The contents of REE stand-
ardized tochondrites continuously decrease from LREE to
HREE (Spacek et al. 1991).
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3. Differentiation trend of tonalites of the Zelexné hory pluton in Kohler-Raaz's diagram (1951). No. of samples 37, for Nos. ! and 2 see Tab. 1,
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4. Total graph of magmatic rocks of Zelezné hory pluton, according to De la Roche (1980). Number of samples 262, for numbers 111 see Tab.
LRI =4x8i-11(Na+ K)-2(Fe+ Ti); R2 = 6 x Ca + 2 (Mg + Al); Group: A - granites; B — granodiorites, tonalites, quartzdiorites;
C -~ basic and metabasic rocks as xenolites in tonalites of KfiZzanovice type.

Biotite granites

Subvolcanic granites of the Kfizanovice and Zumberk types
represent a Late Variscan magmatic member of the KriZa-
novice ductile zone. In the western and central part of this
zone near Seé and Kfizanovice biotite granites form smal-
ler bodies and very often intrude into tonalites, basic xeno-
lites and mantle rocks in the form of dykes (Fig. 1, T3, Fig.
2, outcrops in the Chrudimka river valley under the Kii-
Fanovice dam). In the eastern part of the Kfizanovice zone
near Zumberk, a fractured massif representing the so cal-
led Zumberk variety is situated. Granites of the Zumberk
type have rather a leucocrate and porphyric character
(Rambousek 1989).

The Late Variscan granites are present in three textural
types. The principal type is a uniformly grained granite
reddish in colour. Its typical feature is micrographic struc-
ture {Vachtl 1975). The second type is represented by a
porphyric facies with phenocrysts of feldspars. The third
type is represented by a felsitic variety red toviolet in colour
with phenocrysts of quartz and feldspars. This type occurs
near the margins of the granite bodies (for example near
Pri¢ov) and in the Lukavice belt, where it was kinematicaly
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metamorphosed together with volcanites of Ordovician age
(Vodicka 1966, Vachtl 1975).

The biotite granites are characterized by a balanced
Na/K ratio. Data in the graph according to Kohler-Raaz
fall in the field of alkaline-calcareous granites (Fig. 5).

The plot of REE contents standardized to chondrites
shows a relatively sharp decrease from LREE to Eu (Tab.
3). A negative europium anomaly was observed in several
granite sampies.

Both K-metasomatism of dislocation metamorphites in
tenalites and percolation of ore-bearing fluids through the
KiiZanovice-Samafov ore zone are connected with the
magmatic activity of Late Variscan granites. Geochemical
characteristics suggest that the biotite granite itself could
not be the source of ore-bearing fluids (Fig. 5).

The granites are strongly enriched in typomorphic cle-
ments Ba, Pb, Rb, Sn and F, while depleted in Co, Cr and
Zn (Tab. 2), Elevated contents of the first group of ele-
ments as well as a close positive correlation between Ba-F-
Sn and Co-Cr-Zn suggest magmatic origin of Late Variscan
granites of the Zelezné hory pluton (Burkov - Rundquist
1979},
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5. Differentiation trend of granites of Kfizanovice and Zumberk types
of the Zelexné hory pluton in Kéhler-Raazr's diagram (1951}, Number
of samples 88, for numbers 5-11 see Tab. 1.

Subvoicanites of the Lukavice and Bendtky belts

Along the northern and south-eastern margin of the Ze-
lezné hory pluton a belts up to 15 km long and 2 km wide
are located formed by relatively thick layers, sills and smal-
ler massifs of Late Variscan subvolcanites of dacite and
rhyodacite-dacite composition. These rocks intreded into
older (probably Ordovician) volcanites of the Lukavice
group (Petfikovice and Lukavice type), into the epimeta-
morphosed Upper Proterozoic volcanosedimentary group
of Vitanov and mantle rocks (Babikov and Benatky type).
Conformable bodies and dykes parallel with bedding or
foliation prevail (Fig. 1).

Primary foliation in unaltered volcanites of the Lukavice
type of ENE-WSW direction with a dip of 35-45"to SSE is
locally evident. The subvolcanites and volcanites of Early
and Late Variscan age are mostly kinematicaly reworked
into foliated porphyroides with a translation cleavage of
mostly NNE-55W direction and with a dip 35-60" to ESE
(Fig. 1).

Late Variscan subvoleanites of the Petfikov and Lukavice
type in the Lukavice belt are reddish and greenish in colour
and contain phenocrysts, In nevaditic rocks phenocrysts
were formed by more or less tarnished feldspars and roun-
ded {(magmaticaly eroded) grey or expressively blue quartz
with size of 1-2 mm, exceptionally up to 9 mm. In the
Benitky subvolcanite belt porphyric to nevaditic types also
prevail with phenocrysts of quartz and feldspar. Felsitic
types, sometimes with a small amount of phenocrysts, are
less abundant. The subvolcanites form bodies with a NN'W-
SSE strike and dip 60" to WSW. The schistose porphyroides
and sericitic schists with foliation of a dynamo-fluid char-
acter (strike NE-SW, dip 25-35" to SE and NW) had a
source in zones faulted and metasomaticaly altered due o
dynamic metamorphism. The porphyric types were found
also near the eastern margin of the Ransko massif, in the
form of swarms of parallel veins (Fig 1).

Kinematic metamorphism and metasomatic processes in
the Lukavice and Bendtky belts resulted in a very similar
mineralogical and structural composition in older and
younger phases of the volcanogenic rocks. The same devel-

opment is evident in the marginal facies of the Kiizanovice
and Zumberk granite (Vachtl 1975, Po§mourny et al. 1985),

Petrologic evaluation of silicate analyses of 69 samples
confirmed that in the Lukavice belt subvoicanites predomi-
nantly have a character of rhyolites while in the Benatky
belt rhyodacites to dacites prevail (Spadek et al. 1991),
Minor differences were observed in the alkali content. In
the northern belt of Lukavice the compaosition of alkali is
balanced while in the south-castern Bendtky belt NaxQ is
dominant {Tab. 1).

Aplitic granite

In a belt of NE-SW direction between Véelikov and Pro-
setin, thin dykes of formed by aplitic granite and aplite are
found. The rock is fine grained and white, light vellow and
reddish in colour. Mafic minerals are rare, The mineral
composition and structure of some types of the aplitic
granite is similar to that of the Zumberk granite (Spadek
et al. 1991).

Dyke-forming basic rocks

Older magmatic rocks of the Zelezné hory pluton and
mantle rocks were intruded by dvkes of basaltoids. The
dykes occur in the ore-bearing KfiZzanovice zone and in the
Lukavice and Bendtky subvolcanite belts near the northern
and south-eastern margins of the pluton. They form a
system of parallel dykes with a length of up to 500 m and
with a thickness up to 1) m, concordant with cleavage of
porphyroids and sericitic schists (Fig. 1,7 3, Fig. 2).

The basaltoids are green-black to black. Their fabric is
often porphyric, with a fine grained matrix. The main
component is basic plagioclase, in some cases weakly albi-
tized, and amphibole. Less abundant are magnetite, epi-
dote, ore minerals and exceptionally quartz {epigenetic 7},
As accessory minerals apatite, biotite, calcite and in some
cases sulphidic minerals are very common. The dyke sel-
vages are very often foliated and hydrothermaly altered. In
the TAS graph according to Le Maitre, data points fall into
the field of basalts and basaltic andesites (Fig. 6).

In the graph according to de la Roche, the same samples
show a considerable scatter from the field of hawaiite
through olivinic basalts to tholeiites, andesite-basalts and
basalts. In the graph according to Kéhler-Raaz these sam-
ples form a relatively homogeneous cluster in the field of
gabbroids. A low oxidation degree seen in the graph ac-
cording to Mueller-Saxena is typical (Spacek et al. 1991),

Lamprophyres

The dyke-shaped bodies formed by lamprophyres with a
thickness of decimeters, steeply dipping and mostly of E-W
strike, are the youngest magmatic rocks of the Zelezné hory
pluton. Minettes, kersantites and spessartites are present
in the dykes (Némec 1990).

Seven samples from the northern part of the Zelezné
hory pluton were analyzed (Tab. 1). Data plotted in the TAS
graph are dispersed in the field of trachybasalts and in fields
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Table 1. Chemical composition of the base rock types of Zelezné hory pluton and its crystalline mantle
{contents of rock-forming oxides in mass %)

rock | 2 3 4 5 f 7 q 9 11} 11 12 13 14 L5 16 17 i85 14 20) ?]‘_h
Mo
S50k [ G258 | 6263 | 6950 | 6015 | 7135 | 7384 | V106 | VT34 | T453 [ To24 (7736 | 4509 | 4964 |47.74 |5B1S | GOE1 [T5.05 [4942 [66.66 | 4326 4'.'.?
Ti(h 063 | Osd | 027 074 019 | 015 031 027 0.28 1371 012 .63 129 1.76 | 0.9 068 [ 022 ] L3D | 034 047 []._?_Er
Ay | 1655 | 1569 | 15594 | 1791 | 1475 | 1316 | 1402 | 1258 | 1305 ] 1196 (1226 | 1544 [ 1415 | 1007 |17.74 | 1505 (1217 16,53 | 1622 | 2085 I?.ﬂi‘_
Fe:(O3 | 378 | 0BS5S | 063 146 093 L&D 1.5 | 107 LIS 359 0B3 | 83 351 344 1M 1.57 | 037 | 425 | .84 0.56 1?1-_
Fe() 299 | 350 125 349 51| G50 144 | 0.3l P04 029 027 | 591 342 | 4468 | 7.10 313 140 | 734 | 0350 4.03 1?;
MnC 013 008 | 003 | 009 | 002 | 00l 00 | 002 04 001 | 007 022 001 014 | 12 007 003 | 022 | D.26 0.38 ﬁ?
Mg 205 232 o067 229 073 053 0.79 | .41 51 043 D21 51E| 757 |1038 | 356 222 | 160 | 465 | 2.37 G.64 'lF
Cal 495 | 480 327 527| Li6| 232 268 | LS| 206 (L83 | 65| BO9G | 595 | H32 )| 1.08 258 | D48 | 730 | 1.4 1.56 1.1.1?
K20 150 | 350 2594 248 319 442 3021 012 1.79 350 ( 529 076 500 568 2.99 299 | 068 | D64 | 3.60 0.20 [J.E_lh
NazO | 304 | 283 | 437 351 578 274 91| 553 | AA7 021 L73| 286 235] 140 | 1.69 298 | 522 | 477 | 140 323 | 17
Plis 015 0401 014, 033 | 023 () .11 | 1| 0.10 {} 21| 017 061 013 ) 029 033 | 005 | 042 | 008 0.02 | 0.4
O 018 | 0B8R | 4011 {32 - 0 { 002 e l 10| 025 1.96 | 0.08 003 | 012 | 031 | 064 0.0 | 0
005 ( 004 | 001 | 05 - (.03 011 | 001 0s 083 005 022 008 008 | 024 0.01 [ 002 | 033 Q.03 071 | 0. F
H:0" | 095| 090 i ead [ 07l 075 0.36 et | 045 LM 202 042 1.73 | 2.01 | 268 | 316 112 238 | 137 | 2.4 309 1 ]T
1 r:“__, 017 | 033 035 _-ﬂ 16| 031 | 012 | 012 0Da7 008 [ 014 0621 192 ] 016 0.65 [J.:?!:} 16| 017 | 022 0.48 l.-.|]_‘l.
AlUIM | 9979 | 903G | 10003 | 9924 | 00U2 | 9978 | LO0GD | 9985 | 9987 | 10032 (9971 100,00 | 9840 | 9962 |99.28 | 100.15 |92.95 |99.02 |99.84 { 100.37 99.47

Zelezné hory pluton: tonalite of Kiizanovice type: 1 - Khikanovice, borehole VEN-10a, deep 32.5 m; 2

- 5¢é, borehole MV-115, 155 m.

Granodiorite up to quartz diorite of Skuted type: 3 - Rohozna, borehole V-58, 14.8m; 4 - Vielikov, borehole V-1, 100.2 m; Granites: 5 — Hlinska
type, quarry Hlinsko; 6 - KiiZanovice type, borchole H-3, T80 m; 7 - Zumberk type, quarry Zumberk. Subvolcanites: 8 - Bendtky type, StruZinec,

borehole MV-130, 26.9 m; 9 — Babakov type, Babidkov borehole MV-146, 110 m; 10 - Petfikovice type, borehole MV-28, 12.5 m; 11 - aplitic

granite, Kinzanovice, borehole VEN-10a, 31.6 m; 12 - basalt dyke, Kfizanovice, borehole MV-2, 17.6 m; 13 - kersantite, KfiZanovice, borehole
VEN-30), 96.0 m; 14 - spessartite, Kfizanovice, abandoned guarry near water dam. Rocks of pluton mantle: 15 - Kutnd Hora Crystalline Complex,
gneiss, Barovice, borehole MV-162,12.0 m; 16 - Podhofany Crystalline Complex, gneiss, Podhotfany, oulcrop; 17 - Vitanov group of Hlinsko zone,

dacite, Kifzova, borchole VE-2, 4.7 m: 18 — metabasalt, Kfizovd, borehale VE-7, 159.0 m. Lukavice volcanic belt: 19 — metarhyodacite, Zabity

kopec, outcrop; 200 — metabasait, dychrov, outcrop. ]jﬁ;-:iq: rocks of Kfizanovice ductile zone: 21 - amphibolic gabbro, Svihow, cutcrop. Laboratories:
Silicate analysis No. 5 — GU C5AN other analyses = UNS, Kutna Hora, REFA and INAA analyses — Geoindustria, Praha.

adjacent to the trachyandesite field. In the graph according
to Kdhler-Raaz, the samples concentrate 1n the field of
non-altered basic rocks. The contents of REE standardized
to chondrites show a strongly differentiated pattern char-
acteristic by a steep decrease, from extremely high values
of LREE to low values of HREE.

The crystalline mantle of the Zelezné hory pluton

A relatively continuous mantle is preserved in the southern
part of the Zelezné hory pluton (Fig. 1). The mantle is built
up by multimetamorphosed rocks of the Kutnid Hora -
Svratka Crystalline Complex. Sillimanite - biotite, btotite
and chert gneisses {Tab. 1), orthogneisses, amphibolites,
cale-silicate rocks and crystalline limestones are present in
relics of different size and shape. The metamorphites,
namely amphibolites and gneisses are migmatized and gra-
nitized in a various degree. Dark grey, fine grained rocks
prevail, consisting of a mixture of biotite, amphibole, feld-
spar and quartz. The fabric is apparently parallel, isotropi-
caly grained and of a granitoid character. Migmatites very
often exhibit a relics fabric of metasediments (ZeZulkova
1988). In the central part of the Zelezné hory pluton, the
migmatites of ophtalmite, stromatite and nebulite strue-
tures locally pass very irregularly into oriented grano-
diorites and quartz diorites, preserving metamorphic fabric
in relics (Fig. 1). As recent mapping suggests, migmatites
of the Bojanov, Hluboka, Petrkov and Kvitkov and grano-
diorites of the Tabor and Petrkov types are part of the
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crystalline mantle of the pluton (in previous work by
Vodicka 1963 described as s¢parate types).

Mantle migmatites to oriented granodiorites plot as gra-
nodioritic rocks with a predominance of Na:0 and K;O in
all used classification graphs (Spacek et al. 1991).

In the south-eastern part of the Zelezné hory pluton
clongated bodies of coarse grained gneissic granite of the
so called Vieradovy type with distinc orientation or an
outright tabular character are present. According Vachtl
(1975) these rocks belong to the Vieradovy velcano-plu-
tonic formation of Cadomian age, together with subvolcan-
ites of the Bendteckd zone and Proterozoic of the Hlinecka
zone. The results of exploration work north of Benatky
show that the VSeradovy granite passes into migmatites,
contains a layer of amphibolites and is intruded by irregular
bodies of subvolcanites of the Benatky type and by dykes
of leucocrate granites and diabases (Spaéek et al. 1991).
The Vieradovy granite is undoubtedly of pre-Variscan age
but, unlike gneissic granites and orthogneisses of the Kutnd
Hora and Svratka Crystalline Complexes, does not belong
to the granitized mantle of the Zelezné hory pluton. The
subvolcanites of Benatky zone are the product of a tectonic
zone active in Variscan orogeny, formed on the contact of
Proterozoic of the Hlinsko zone with the granitized mantle
of the Zelezné hory pluton (Fig. 1).

Based on 17 analyses, the Vieradov granite shows vari-
able composition from MNa-types to K-types. A prevailing
albitic character of the Vieradov granite (Vachtl 1975,
Minakik et al. 1983) was not confirmed by new analyses. In
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6. Classification of basic dyke rocks of the Zelezné hory pluton in TAS diagram according to Le Maitre (1984). Number of samples 23, for number

12 see Tab. 1.

the K&hler-Raaz’'s graph, a cluster of points falls in the field
of fresh to partially altered granites. In the TAS diagram
data points are concentrated in the field of rhyolites
(Spadek et al. 1991).

Basic rocks are abundant in the rock mantle complex.
Together with migmatites and granitized gneisses they oc-
cur in two relatively continuous belts of NW-SE and NNE-
S5W directions. From a petrologic point of view, the basic
rocks correspond to amphibolic gabro with transitions to
amphibolic diorite. Margins of the bodies very often show
cleavapge, the central parts are either 1sotropic or weakly
oriented. Gramitization of amphibolites and metabasites 15
manifested by gradual feldspathization with formation of
dioritic rocks (Tab. 1). In the TAS diagram the majority of
samples fall in the field of basaltic andesites, some plot into
the field of basalts. In the Kéhler-Raaz's graph data points
fall into the field of gabro and some into the field of more
acid rocks (Spadek et al. 1991).

Small blocks of marbles, calc-silicate rocks and hotite
gneisses, occurring along the margin of the tonalite body of
the KfiZzanovice type between Sel and Nasavrky (Fig. 1)
represent probably equivalents of the Podhofany crystal-
line complex.

In the crystalline mantie of the pluton, the NW and NE
branches were deliminated, resulting in the irregular ar-
rangement of rock bodies. The rock branches converge in
the south {(Bened 1963) and follow the direction of meta-
morphic foliation, lineation of crystallization and the main
systems of fold B-axes. The prevailing direction in circle
diagrams is NW-SE (B1 system) and NE-SW (B2 system).
Subordinate directions are E-W and N-5. Statistically the
B2 system is more significant (Fig. 1, T2). The fold charac-

ter is clearly brachystructural. This is confirmed by inclina-
tion of B-axes of folds in the range 5-60° as well as by
reconstruction of brachy folds of a kilometer order in the
surroundings of Trhova Kamenice (Fig. 1).

In the south-east the Zelezné hory pluton borders on
Paleozoic rocks of the Hlinsko zone (Fig. 1). A folded group
of strata of pelitic sediments was transformed to spotted
shales and hornfels by thermic effects of the intrusive rocks.
In addition, hornfels are migmatized in the form of bands,
injections, and diffusive feldspathization in the contact
periplutonic zone. The blocks of hornfels are very often
enclosed as xenolites in granodiorites of the Skuteé type
(Fig. 1).

Geotectonic development

Pre-intrusive stage

Extensive Pre-Cadomian crystalline units formung the Kut-
nd Hora-Svratka region and volcanosedimentary Protero-
zoic complex of the Zelezné hory, both part of the Centra)
Bohemian region, occur in the crystalline mantle of the
Zelezné hory pluton (Figs. 1, 7). The regional Cadomian
metamorphism and Variscan granitization processes
strongly influenced, or totally smeared out, the primary
geotectonic character of the Kutnd Hora-Svratka region.
The geological units in central Bohemian region are
products of Cadomian tectogenesis. It is possible to distin-
puish a nearly complete Cadomian geotectonic evele,
the product of which is the oceanic type (Fig. 7). The
sedimentary volcanic complexes with bimodal voleanism
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Table 2, The content of trace elements in rocks of Zelezné hory pluton and its crystalline mantle

(RFA method, element content in ppm, for explanations see Tab. 1)

rﬁgl:; 1 2 3 4 6 7 1 9 10 1] 12 13 15 16 17 i8 19 20
As - 10 - ) - - 2 2 22 - 2 5 2 2 5 f 10 31
Ba 1570 | 1420 795 1173 | 2154 | 1816 30 572 | 1144 378 | 3902 0e 637 149 161 1312 5
Bi - 10 10 10 10 3 16 10 & - - - 10 10 25 10 1

Cd - 10 10 10 - - 10 10 - - - - 10 10 - 10 B B
Co 3 - - - - - - - - - 11 18 - - - - - -
Cr - - - - - - - - - - 26 39 - - 28 - - -
Cu 52 13 2 a - - 2 2 305 27 96 - 11 2 1 28 - '
Gia 14 - 19 - g 10 - 15 8 | i 5 - - 13 - id 16
Mo = 5 5 3 - - 3 5 2 - 3 = 5 3 - 5 - 2
Nb 7 10 13 12 6 £ 10} a1 12 B 3 13 9 12 12 P L0 f
Ni 34 26 7 24 - - 2 2 2 25 51 45 108 32 - 13 | 5
Fb 20 31 36 13 N - 5 3 T 153 - 5 5 o 3 - 184
Rl i - 66 - 124 - 24 o2 20 - H - - 25 - Do 235
Sh 14 = - - - - - - 19 19 - - 4 - - -
Sn - 5 3 a - - 3 3 4 - - - 5 5 3 5 3 -
ar 458 314 255 543 L85 748 168 179 78 267 316 | 1447 2 193 G 381 47 270
w l 10 L0 10 - - i 1 14 - 2 - 10 10 - 10 - 17
Zn 57 &0 3l o3 - - 2 28 B 21 104 - 103 a3 12 58 - 438
Li L - - - 4 30 - - - i 13 20 - - 16 -
Lr 217 - R4 - 121 S - 134 K5 4] 11 288 - - 174 154 383
F 2300 - - 14} - - - - 300 500 | 2000 - - - = 1000 -
¥ 28 17 27 - - 23 24 14 - - - 27 26 - 24 - 21

Table 3. REE and other trace element contents in rocks of Zelezné
hory pluton and its crystalline mantle (INAA method, element
content in ppm, for explanation see Tab. 1)

rock | 1] 3 6 7 g |1t | 13|17 | U
Mo,

La |37 3 |25 |43 2 |10 |46 |25 | 33 |13
Ce |76 4 |42 |80 | & |19 300 |40 |69 |24
Sm | 5 4 I 1 | 4 1 |19 | 04| 5 2
Eu | 1 ] 061 1 i 05 5 |1 ] 1 0.8
T | - - - - - O - -
Yb | 3 01| - 2 03| - T |3 2 2
Lu § 03| 01| 02| 03| 04| - 03| 06| 04| 02
U - | - 4 5 - | s - | -1 4

™ |11 |12 |23 | 23 6 (19 |24 | 4 | 14 2
BRb |36 <3 B9 |136 <3 |1l 37 (22 |13a -
Cs | 3 4 2 2 0l - 4 | 2 | 4
HE | & 03| 4 3 06| 2 7 |4 4 3
s¢ |17 5 I 7 | 8 2 |20 |9 [12 |32
Ta | - | 05| - - 05| - ol I B -
Co |13 0.3 1 i 0.4 1 25 2 5 22
ce | - | 02| - - - - - |61 - -
A | - | 02| - - 02| - -1 -1 - | -
sb | -~ | 01| - - 02| - - 7
developed in the environment of a marginal sea. In the

Chvaletice-Sovolusky Proterozoic basin basic volcanism

60

(Fiala 1979), and in the Hlinsko zone acid volcanism
(Podmourny et al, 1985, Spadek et al. 1991) prevailed. The
Chvaletice granodiorite massif, the basic massif of Svaty
KFiZ and the ultrabasic massif of Ransko intruded in the last
phases of the Cadomian cycle (Misaf et al. 1983). Folding
associated with low-grade metamorphism (up to green-
stone facies) took place at the end of the Cadomian cycle
(Vendian). Metamorphism and deformation processes af-
fected rock sequences of the Cadomian as well as Pre-
Cadomian cycle. Uplift, denudation and deposition of mo-
lasse sediments followed in Middle Cambrian,

Intrusive stage

The Variscan cycle brought about strong rebuilding of the
crust, formed during Pre-Cadomian and Cadomian. Geo-
tectonic activity dynamically affected linear zones where
tectono-magmatic reactivation followed by recycling of
Pre-Variscan crust had been taking place. The reactivation
was bound to the Zelezné hory Mits. system of deep zones
(intersecting the Labe and Jihlava zones — Maska 1962,
Vachtl 1979), which are manifestations of a first order
tectonic structure in the contact of Cadomian and Pre-
Cadomian crust blocks (Fig. 7).

The magmatic activity, i.e., production of magma in deep
parts of the crust, was followed on the one hand by exten-
sion, uparching and uplifting of crustal blocks, on the other
hand by dowthrow and accumulation of Ordovician, Silu-
rian to Devonian{?) clastic sediments in the Chrudim



(Fig. 2) and Hlinsko basins. Based on the differences be-
tween the Paleozoic units of Chrudim {Barrandian devel-
opment) and Hlinsko (Saxoturingian development), it
seems that the geotectonic setting probably had the char-
acter of a rift zone combined with a transform fault (Ram-
berg 1978, Fig. 7).

The rift structure of E-W direction and the transform
fault of N-§ direction stimulated intrusive and effusive
activity. Bimodal, probably Ordovician, voleanism of the
Lukavice belt can be viewed as an initial near surface
manifestation of the rift structure. The Late Variscan tona-
lite bodies of the K¥iZanovice type and gabbroid members
of the Ransko massif are considered to be deep products
of this rift structure. The expressive anizotropic fabric of
the KiiZanovice tonalite and Ransko gabbros with abun-
dant petrologically varied xenolites suggests the formation
of intrusive bodies in a regime of ductile flow and their
active intruding through the crust,

The formation of Middle Variscan granitoid bodies was
affected by structures of the Pre-Cadomian crystalline
mantle. Granodiorites of the Skute¢ and Hlinsko type,
mostly forming elongated bodies near the NE and SE
margin of the Zelezné hory pluton, have a character of
digitations of a deeper laying massif into the mantle rocks.
The anizotropic inner fabric of granodiorites demonstrates
that the bodies were formed under close interaction with
mantle complexes (Bene§ 1963, Hrouda - Chlupidova
1980, Figs. 1, 2).

Late Variscan volcanomagmatic activity can be seen in
the Lukavice and KfiZanavice belts near the northern mar-
gin and in the Bendtky belt near the eastern margin of the
Zelezné hory pluten and Ransko massif (Fig. 1). The shal-
low intrusive biotitic medium grained granites and their
marginal porphyric facies are developed in the northern
part of this belt, while in its south-eastern part subvoleanic
rhyolites to dacites are present. The typical structural fea-
ture of these belts is their linearity subordinated to main
tectonic directions of the Zelezné hory pluton. The position
of these belts indicates a long-term persistence of vol-
canomagmatic centers.

Late Variscan magmatism was terminated by dyke intru-
sions of aplites, aplitic granites, bazaltoids and lampro-
phyres.

Post-intrusive stage

The Labe and Pfibyslav deep zones, according to models
of shear deformations belonging to the system of conjugate
R and R’ shears (Ramsay - Huber 1987), iniciated mag-
matic and volcanic activity at the beginning of Variscan
reactivation. These zones were transformed into crush zo-
nes during the postmagmatic stage and in shallower seg-
ments of the crust; the brittle shear, normal-fault and
transiation-fault deformations were concentrated there,
followed by hydrothermal metasomatic and metallogenic
processes. The zones of dislocation metamorphism are
conform to the belts of Late Variscan rhyolite and rhyolite-
dacite magmatism (Figs. 1, 7).

The rocks in crush belts were dynamically transformed

into kataclasites, mylonites and blastomylonites. The proc-
esses of dislocation metamorphism created favorable phy-
sico-chemical conditions for infiltration metasomatism.

Porphyroides and sericitic schists were formed from the
dislocation metamorphosed rocks, followed in the next
stage by metasomatic quartzites, these representing an
environment favorable for crystallization and accumula-
tion of sulphide ore mineralizations.

The main structural elements of the crush belts are rep-
resented by cleavages, lineations of various types, shear
tolds and various forms of fracture tectonics. The KfiZa-
navice-Samafov crush and ore belts were formed in the
setting of a shear zone during a normal-fault tectonic ré-
gime, i.e., in a zone of uparching and spreading of the crust.

The younger phase of deformations took place under the

dynamic régime of translation-faulting (Spacek ct al. 1985,
Drozen et al. 1987, Fig. 1, T4).

The Variscan cycle came to an end by molasse sedimen-
tation of Carboniferous-Permian age. Relics of these sedi-
ments were found in the Zelezné hory Mts. region near
Kraskov west of Se¢ (Misaf et al. 1983, Fig. 1).

The geotectonic systems R and R’ (Labe and Jihlava
systems), pre-conditioning Variscan reactivation, maintai-
ned their mobility for a long period of time. In the Post-
Variscan epoch, right-slip faults and partially normal faults
continued to develop in the Labe zone. The uplift of the
Zelezné hory pluton and Saxonian block, segmentation of
Pre-Cadomian, Cadomian and Variscan structural levels
and Cretaceous cover is apparent together with movements
in the Jihlava zone (Figs. 2, 7).

Based on extensive geological and comparative studies,
it is possible to conclude that the base dynamic and kine-
matic Variscan development of the Zelezné hory pluton
corresponds to a model of right-slip faulting with the main
tensile stress in the NE-SW direction. The conjugated
shears R and R’ mainly took place during the Variscan
reactivation of the Zelezné hory Mits. region under the
conditions of dilatation, dragging and translation (Ramsay
- Huber 1987). These lines and their crossing became the
main centers and belts not just of volcanism and magma-
tism, but also of postmagmatic kinetic metamorphism, me-
tasomatism and block faulting (Fig. 7).

Metallogenic outline

The most important base metal ore deposits of the Zelezné
hory Mts. region and abundant ore indices are bound to
processes of the Variscan tectono-magmatic reactivation.
The dynamic processes of high energy caused regeneration
of older ore accumulations and generated ore fluids, bound
to the intermediate to acid magmatism of the Zelezné hory
pluton (Bernard - Pouba 1986).

The ore deposits and disseminated mineralizations are
located in deep zones and belts of both granitoid magmatic
activity and postmagmatic deformations and metasoma-
tism near the northern and south-ecastern I'I"l:ll:'gll‘l of the
Zelezné hory pluton and partially also in its mantle
(Fig. 1). Accumulation of ore minerals took place after the
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rock environment was predisposed by dynamic metamor-
phism and metasomatism,

Ore deposits Samatov and Kfizanovice are located in the
zone of kinematic metamorphites and metasomatites,
which originated mostly by reworking of tonalites and their
xenolites and partly by reworking of the KfiZanovice gran-
ites. This belt is 6 km long with a thickness of up to 340 m,
NW-SE to WNW-ESE direction and a dip of 70-85"to SW
and WNW (Fig. 1, T4). The main type of mineralization is
represented by a metasomatic barite-sphalerite massive
ore forming body of lenticular shape with the axis abruptly
dipping to the NW. As secondary minerals a pyrite-
sphalerite-chalcopyrite assemblage in nests, patches and
stringers is present (Drozen et al. 1987). The barite-base
metal mineralization shows paragenetic relations to the
Late Variscan granite magmatic complex. Mineral assam-
blages within the KfiZanovice ore deposit were formed
probably as a result of multiphase development of a hy-
drothermal-metasomatic system in the zone of a deep-
seated fault (Drozen in Spadek et al. 1985, Kloz 1986).
Isotopic analyses of iead in galena from the KiiZzanovice
deposit exhibit little variability. The results suggest that this
lead belongs to the orogenic, little differenciated type.
(Patocka et al. 1984, Kloz 1986).

Pertold and Suk {1986}, Drozen et al, (1987) and Hladi-
kova et al. (1988) interpreted massive barite-sulfidic ores
of the Krizanovice deposit as a metamorphosed and meta-
somatically influenced stratiform ore deposit of a voleano-
sedimentary series,

The Lukavice ore deposit and occurrences near Bitovany
and Trpitov form impregnations and small accumulations
of pyrite with traces of Cu, Zn, Pb sulphides, located in
zones of metamorphosed acid volcanites of the Lukavice
belt affected by kinematic and metasomatic metamor-
phism. The zones, tens to hundreds of meters thick, are of

{_

7. Model of geotectonic development of the basement of the north-
castern margin of the Moldanubian care

a} Cadomian cycle with a character of oceanic divergent border near
the margin of Pre-Cadomian continental plate, formed by undifferen-
ciated crust. b} During Cadomian cycle the consolidated crust was
reactivated by Early up to Late Variscan orogenesis, Lower Paleozoic
basins were formed and both volcanic and magmatic activity were
imitiated during the régime of continental rilt. Under the condition of
crust extension in the NE-SW direction mostly conjugated shears R
and R’ were active during Varisean reactivation, The relics of Pre-
Cadomian and Cadomian structural levels were assimilated in Varis-
can granitoids. ¢) Saxonian block dislocation of basement of Central
Bohemia, Kutnd Hora-Svratka and Moldanubian regions.
stratigraphic-litology units: Precadomian stage: ! - Moldanubian re-
gion, PT1 (), 1100 Ma (7} 2 - Kutna Hora-Svratka region, upper
level, PT2 (7}, 1100-680 Ma. Cadomian stage: 3 - Central Bohemian
region, Eocambrian to Lower Cambrian, 680-340 Ma. Variscan stage;
Central Bohemian region, Upper Cambrian to Lower Carboniferous,
540280 Ma; 4 - clastic sediments; 5 - volcanogenic groups of strata;
6 - granitoid complexes; 7 — migmatized and granitized Prevariscian
mantle complexes, Structural symbols: § — subduction zone; 9 - direc-
tion of movement of litospheric plates; 10 - transform fault; 11 - ocean
ndge with tholeiitic magmatism; 12 - rift valley; 13 - Cadomian
tholeiitic and Variscan rhyolite-dacitic volcanism; 14 - zones of deep
sealed faults of Pre-neoid stage, L- Labe, J - Jiblava; 15 - main faults
of Neoid stage; 16 — zones of distocation metamorphites and metaso-
matites,

NNE-55W direction with a dip of 65"to ESE. The isotopic
composition of lead in galena and of sulphur in pyrite
suggests a deep source of the Lukavice mineralization
(Patodka et al. 1984, PoSmourny - Hladikova 1989).

The ore deposits Véelakov, Horni Babikov and Ransko-
Obrazek are situated in the south-eastern volcanomag-
matic belt of the Zelezné hory pluton. The small ore depuosit
Vieldkov with Fe, Cu, Zn, Pb sulphides is located in an
altered tectonic zone of NNW-SSE direction intersecting
granodiorites and quartz diorites with xenolites of gabbros
and gabbre-amphibolites (Vodicka 1957, Holub 1978). A
scheelite mineralization with Fe, As, Cu sulphides typical
of granitoid magmatism was found in quartz veins and
greisens near Horni Babdkov. The veins and accompanying
greisens form several zones of NW-SE direction with a dip
of 70 to SW in biotitic granodiorite of the Hlinsko type
(Vachtl - Stemprok 1961, Hajek 1971). The scheelite min-
cralization in the form of incrustations in fissures is abun-
dant in granitoids of the Skutec type and in mantle rocks in
the larger area near the SE margin of the Zelezné hory
pluton (Novik - Vostradovsky 1985, Spacek et al. 1991).

The economically significant ore deposit Ransko-
Obrazek with a massive sphalerite-barite mineralization
and disseminated Fe, Cu, Mo, Pb sulphides is located in
hydrothermally-altered metasomatic quartzites, associated
with quartz diorites of the Ransko massif. The moderate
dipping lenticular ore bodies of ENE-WSW to NE-SW
direction with a dip of 30" to NE are bound to rupture
systems (Holub 1978). The dynamic and metasomatic al-
terations of diorites took place in several phases resulting
in a distinct mineral and geochemical zoning (Némec -
Holub 1980},

The Fe, Pb, Zn, Cu sulphide mineralization occurs also
in the form of irregular stringers and impregnations in small
lenses of marbles and erlans, sitvated in the crystalline
mantle of the pluton south-west of KfiZanovice. The age of
this ore occurrence has not been determined. It is assumed
to be either an older mineralization repenerated in Varis-
can or a Variscan postmagmatic product (Spadek et al.
1991).

Sporadic inclusions of native Au were found in sulphidic
ores of the Ransko, Kfizanovice and KfiZovd deposits by
microscopy, Therefore sulphide ores can be considered to
be one of primary sources of gold in placers.

A Mo, Cu, Fe, As assemblage occurring as fracture in-
crustations in granodiorites of the Skuteé type and granites
of the Zumberk type is connected with granodiorite mag-
matism,

Small indices of Fe, Cu, Pb, Zn, Ag + F, occurring in
fissures in granodiorites of the Zelezné hory pluton and in
metamorphites of its mantle, and rarely accompanied by
uranium minerals, have been attributes to the Upper Varis-
can to Lower Cimmerian phase (Spacek et al. 1991).

Conclusions

l. The evolution of the Zelezné hory pluton can be divided
into three phases: the phase of Early-Variscan tonalite,
Middle Variscan granodiorite and Late-Variscan granite.
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These phases are dependent on recurrent tectonic activity
in the deep-seated Labe and Jihlava systems. The tectonic
development was controlled by horizontal right-slip fault-
ing and tensile stress of NE-SW direction. The deformation
maximum was concentrated in the system of conjugated
shears R and R, in NNE-SSW and NW-SE directions. Both
systems can be seen in the arrangement of foliations and
folds in the pluton mantle, in anizotropic structures of
granodiorites of the Skute€ type, in the rock fabric of
tonalites of the KfiZanovice type, its xenolites and in beits
of rhyolite and rhyolit-dacite volcanism. The structure of
the post-intrusive crush and of the metasomatic Kfizano-
vice and Ransko-Ve&elakov zones is also subordinated to a
shear deformation of the normal-fault and slip-fault type.
Deformation in the Labe and Jihlava systems continued
during Saxonian tectogenesis, resulting in the formation of
ramp valleys and horsts, restricted by faults.

2. Geotectonically the Zelezné hory pluton can be clas-
sified as marginal (Chain 1974) because of its formation on
the contact of blocks with the crust partly of continental,
partly of oceanic type. With regard to the strongly anizot-
ropic rock fabric, the plutonie, subvolcanic and volcanic
members of the Zelezné hory pluton belong heterogeneous
bodies with different fabric (Bene$ 1974).

3. All types of intrusive rocks, typical of the calc-alkaline
series were observed in the Zelezné hory pluton. This
assemblage is characteristic for a geochemically more ma-
ture crust of active continental margins — crust partly recy-
cled during some older stage of development (Jakes 1984}.

4, Based on assemblages of major and trace clements we
assume a common magmatic origin of the Lukavice and
Benatky Late Variscan subvolcanic and volcanic belts lo-
cated near the northern and south-eastern margins of the
Zelezné hory pluton,

5. Based on structural, petrological and metallogenic
studies we conclude that tectonic and hydrothermal proc-
esses continued during the postmagmatic evolution. These
processes were concentrated in the crush zones near the
northern and south-eastern margins of the Zelezné hory
pluton, where dynamic and metasomatic reworking of
rocks and deposition of sulphide ore mineralization took
place. The important deposits of base metals are related to
the processes of Variscan tectono-magmatic reactivation.
The dynamic and metasomatic processes initiated regen-
eration of Pre-Variscan ore deposits as well as formation of
new ore deposits, typical of granodiorite massifs. The ore
mineralizations have the same location near the northern
and south-eastern margins of the Zelezné hory pluton and
Ransko massif, as belts of the Late-Variscan magmatic
activity and of dynamic and metasomatic changes in plu-
tonic and volcanic rocks.

The authors are indebted to Professors Z. Pouba and
7. Pertold and Dr. K. Podmourny for consultations and
useful suggestions as well as for access to unpublished
silicate analyses and they thank Ing. Z. Kfivanek, M. Zagek
and L. Hilika for computer processing of the dala.
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1. Granitoidni Zeleznohorsky pluton variského stafi se formoval na kfiZzeni hlubinné z6ny labské a jihlavské na styku dvou
kontrastnich korovych blokii — prekadomského s kiiron kontinentdlniho typu a kadomského s kiirou ocednického typu.
Variské pochody mély charakter tcktonomagmatické reaktivace provizené recyklacl prevarisky konsolidované kdry.
Varisky i postvarisky geotektonicky vyvoj Zeleznych hor Ize objasnit modelem pravostranného horizontilniho posunu
§ hlavnim tahovym napétim sméru SV-JZ. Struktura méia pravdépodobné charakter kontinentiintho riftu. V rozloZeni
vulkanismu a magmatismu a postmagmatické dislokaéni metamorfGze a metasomatéze a platformni kerné segmentaci se
uplatfiovaly hlavné konjugované stiihy R a R’ sméru SZ-JV a SSV-1JZ.

2. Magmatismus Zeleznohorského plutonu byl polyfazovy - staro- aZ mladovarisky. Nejstar$imi jsou tonality vdzané do
kfiZanovické duktilni zény a obsahujici velké mnoZstvi prevainé bazickych xenolitl. Hlavni masu tvofi stfedné variské
granodiority typu Skuteé. Nejmlad$imi jsou biotitové Zuly kfizanovické a Zumberecké a Zily apliti, bazaltoidd a lamprofyrd.
S mladovariskymi Zulami jsou v (zké spojitosti subvulkanity ryolitového aZ dacitového sloZeni, které tvofi zony pfi s. a jv.
okraji plutonu.

3. Krystalinické a sedimentdrni jednotky obou korovych blokd - krystalinikum kutnohorské a podhofanské, sedimen-
tarné vulkanické proterozoické souvrstvi vitanovské skupiny a staropaleozoické souvrstvi vitanovské a lukavické skupiny
a flySové sedimenty hlinské zGny byly periplutonicky granitizovdny a kontakiné€ metamorfoviny. Jednotky zlistaly za-
chovany jako plast anebo xenolity a relikty. Plasfové jednotky maji nehomogenni vrasovou stavbu uspofidanou do dvou
vetvi. Formy granodioritovych intruzi Zeleznohorského plutonu se do znaéné miry pizpdsobuji vrisové stavb& krys-
talinického plasté.
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4. V postmagmatickém vyvoji hrala vyznamnou roli petrogenetickou a metalogenetickou dislokacéni metamoriéza a
hydroterméalni metasomatéza vézana do regionalnich pasem stfizné deformace pfi s. a jv. okraji plutonu. Pasmo kfiza-
novické a lukavické a ransko-véelikovské se shoduje s hlavnimi centry ryolitového aZ dacitového vulkanismu a ukazuje na
dlouhodobé pilisobeni R a R’ stfihil v labském a jihlavském hlubinném systému.

5. Hlavnf polymetalicka sulfidicka loZiska i rozptylend mineralizace jsou uloZena v pismech Ca-Na magmatismu a
vulkanismu pfi s. a jv. okraji plutone. Ke koncentraci rudnich minerdll dodlo aZ v prostfedi pfipraveném dynamicky
metamorfng a hydrotermélné metasomaticky v pasmu kfizanovicko-samafovském a ransko-vielakovském. Jako vyplné
puklin v granodioritech a Zuldch jsou zastoupeny typomorfni asociace pro granitoidni masivy — greisenova se scheelitem

a molybdenitova.

Vysvétlivky k tabulkdm

1. Chemismus zdkladnich horninovych typl Zeleznohorského plutonu
a jcho pli&té {oxidy v hmot., %).

Zeleznohorsky pluton: tonalit typu KfiZanovice: 1 — KfiZanovice, vt
VEN-10a, hl. 32,5 m: 2 - Sed, vrt MV-115, bl. 15,5 m. Granodiorit aZ
kfemenny diorit typu Skuted: 3 - Roheoznd, vt V-88, hl. 14,0 m;
4 - Vielikov, vrt VC-1, h1.100,2 m, Granity: 5 - typ Hlinsko, lom
Hlinsko; 6 — typ KfiZzanovice, KfiZanovice vt H-3, hl. 78,0 m; 7 —typ
Zumberk, lom Zumberk. Subvulkanity; 8- typ Bendtky, Struginec, vri
MV-150, hl. 26,9 m; 9 - typ Babdkov, vrt MV-146, h1.10,0 m: 10 -1yp
Petfikovice, vrt MV-28_hl. 12,5 m; 11 — apliticka Zula, Kfizanovice, vri
VEN-10a, hl. 31,6 m; 12 - Zilny bazalt, Kiizanovice, vit MV-2, hi.
17.6 m: 13 - kersantit, Kfizanovice, vit VEEN-30), hl. 96,0m; 14 - spes-
sartit, KfiZzanovice, opustény lom u hrize pfehrady. PI43( plutonu:
15 — kutnohorské krystalinikum, rula, Barovice, vrit MV-162, hi.
12,0 m; 16 — podhofanské krystalinikum, rula, Podhofany, vwchoz;
17 - vitanovskd skupina, dacit, Kfitovd, vrit VK-2, hl. 46,7 m;
18 - metabazalt, KiiZovd, vrt VEK-7, hl. 159,0 m. Lukavické pismo:
19 - metaryodacit, Zabity kopec, vyvchoz, 20 — metabazalt, Sychrov,
vichoz; 21 - amfibolické gabro kfiZanovické duktilni zény, Svihow,
vychoz. Laboratof: Silikitovd anal. & 5 - GU CSAV, ostatni anal. UNS,
Eutnd Hora, anal. RFA a INAA Geoindustria, Praba,

2, Obsah stopovych prvikd v hornindch Zeleznohorského plutonu a jeho
plagté {metoda REA, obsah prvki v ppm, legenda viz tab. 1),

3. Ohsah vzicenych zemina stopovyeh prvkd v homindch Zeleznohor-
ského plutonu a jeho pladtd (metoda INAA, obsah prvkd v ppm,
legenda viz tab. 1).

Vysvétlivky k obrazkim

1. Piehledna geologickd mapa Zeleznohorského plutonu s vyznadenim
hlavnich rudnich lofisck (upraveno podle map in Spadek et al. 1991),
Platformni pokryv: 1 - kfida labské oblasti a prolomu Diouhé meze;
2 - kraskovsky permokarbon. Stredodeskd oblast 3 - kambrium,
ordovik, silur chrudimského paleozoika; 4 — silur aZ ordovik hlinské
zony; 5 — xenolity kontaktnich rohovel v granodioritu typu Skuled;
6 - metavulkanity ordovického stafi v lukavickém pésmu; 7 — svrch-
néproterozoické vulkanosedimentarni souvrstvi hlinské zény. Kutno-
horsko-svrateckd oblast, krystalinikum: 8 - podhoranské, 9 - kutno-
horské; 10 - svratecke; 11 - periplutonicky migmatitizované a graniti-
zované ckvivalenty prevariského krystalinika v plasti 2eleznohorského
plutonu, Magmatické komplexy prevariského staii: 12 - xenolity ba-
zith a metabazitd v télese tonalitu typu KihiZanovice a ulirabazika
ranského masivu. Varisky magmatismus Zeleznohorského plutonu: 13
— #ily bazaltu; 14 — subvulkanity ryolitového a2 dacitového sloZeni v
pdasmu lukavickém a bendteckém; 15 — Zula typu KhiZzanovice a Zum-
berk: 16 — kataklastickd Zula typu Hlinsko; 17 - granodiorit aZ kfe-
menny diorit typ Skuted; 18 - tonalit aZz kiemenny diorit typ
Krizanovice. Postmagmatické promény: 19 — ziny hornin prepraco-
vané dynamicky a melasomaticky. Strukturni prvky: 20 —~ poruchova
pdsma provazend drcenim a hydrotermalni alteraci; 21 - klivaz v dy-
namicky a metasomaticky porulenych hornindch; 22 - vrstevnatost
v sedimentech a bfidli¢natost v metamorfitech; 23 - primarni foliace
ve vulkanitech lukavického pasma; 24 — ploiné a linedrné paralelni
stavba v tonalitu typu KfiZanovice; 25 — osy B antiformnich a syn-
formnich megavrds; 26 — zlomy; 27 - pfesmyky, 28 — kontakty strati-
grafické a intruzivni; 29 - petrografické piechody, 30 - diskordance:;
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31 - sulfidickd rudni loZiska; 32 - geologicky fez. Diagram: T1: Poly
plo&né paralelni stavby v tonalitu typu KiiZanovice. Vyznadeno max.
protajeni xenolitd - osy X a hlavni roviny duktilnibo toku D1 a D2.
MEF, 20, % 25, 10, 5. T2: Paly ploiné paralelni stavby v granodiontu
typu Skuted a foliace v reliktech amfibolitd a rul. Vyznadeny konstruk-
tivei osy T plikativnich deformaci a hlavni systémy foliaci Bl a B2, Méf.
30, 17, 10, 3. T3: Kontaktni plochy Zil a mendich masivd Zuly typu
KfiZanovice, Vyznadeny hlavni systémy K1, K2 a Zly bazaltu B, lam-
profyru @. Méf. 20, % 15, 10, 5. T4 Paly klivize - fohace Fi v
kiizanovickém dislokaénim a rudnim pismu. Promitnuty: lineace
roztazeni L3, osy budin X v re2imu extenznim ER a translaénim TR,
privmérny smér a sklon baryt-sfaleritového loZiska KfiZanovice D, jeho
morfologickd osa hlav-ni M, vedledi 5; 01 02 a G3 normadlova napéti
extenzniho tektonického rezima, MéEE. 50, % 12, 8, 2.

2. Geologicky a geofyzikdlni fez zdpadni éasti Zeleznohorskébo plu-
tonu { upraveno podle dokumentace in Dédacek et al. 1984, Sediik et
al. 1990 a Spadek et al. 1991, legenda shodnd s obr. 1)

3. Diferenciaéni trend tonalitd Zeleznohomského plutonu v diagramu
podle Kohlera a Raaze (1951), veorkd 37, & 1, 2 viz tab. 1.

4. Souborny graf magmatickych hornin 2eleznoborského plutonu po-
dle De la Roche {198}, vzorkd 262, & | az 11 viz tab. 1.

Rl = -4x5i - i1{Na + K) -2(Fe + Ti}; R2 = —txCa + 2(Mg+Al);
skupina; A - Zuly; B - granodiority, tonality, kfemenné diority;
C - bazity a metabazity jako xenolity v tonalitu typu KiiZzanovice,

5, Diferenciacéni trend 2ul typu Kfizanovice a Zumberk #elemmohor-
ského plutonu v diagramu podle Kihlera a Raaze (1951), vzorkd 88,
¢.5az 11 wviztab, 1.

6, Klasifikace bazickych Zilnych hornin Zeleznohorského plutonu
v diagramu podle Le Maitre {1984), veorkd 23, & 12 viz tab. 1.

7. Model geoteklonického vivoje fundamentu severovychodniho o-
kraje moldanubického jadra. a) Kadomsky cyklus charakteru oceani-
ckého divergentniho rozhrani pfi okraji prekadomské kontinentilni
desky tvofené nediferencovanou kiirou, by Kira konsolidovani v ka-
domském cyklu byla reaktivovana staro- az mladovariskou orogenezi.
V resimu kontinentdlntho riftu se wofily staropaleozoické panve,
ofivoval vulkanismus a magmatismus, V podminkéch rozpindni kiry
ve sméru SV-JZ s¢ pii variské reaktivaci uplatfiovaly hlavné konju-
gované stiihy R a R". Vevariskych granitoidech byly asimilovény relikty
prekadomského a kadomského patra, ¢) Saxonska kernd segmentace
fundamentu stfedodeské, kutnohorsko-svratecké a moldanubické ob-
lasti.

Stratigraficko-litologické jednotky: epocha prekadomska: 1 - mol-
danubicka oblast, PT 1 (), 1 100 Ma (?); 2 - kutnochorsko-svratecka
oblast, svrchni patro, PT 2 (7}, 1 100-680 Ma. Epocha kadomski:
3 - sliedofeskd oblast, eokambrium aZ spodni kambrium,
680-5401 Ma. Epocha variskd: Stfedofeskd oblast, svrchni kambrium
a# spodni karbon, 540-280 Ma. 4 - klastické sedimenty; 5 - vulkano-
genni série; 6 — granitodni komplexy; 7 - migmatitizované a graml-
zované prevariské plisfové komplexy, Strukturni znadky: 8 - sub-
dukéni zdna; 9 — smér pohybu litosférickych desek; 10 - transformni
zlom: 11 — oceanicky htbet s tholeiitovim magmatismem; 12 - riftovy
pitkop; 13 — vulkanismus, kadomsky tholeiitovy, varisky ryolit-daci-
tovy; 14 — zény hlubinnych zlomd pfedneoidni epochy: L — labska,
J - jihlavskd; 15 ~ hlavof zlomy neoidni epochy; 16 — 20ny dislo-
kaénich metamorfitd a metasomatiti.





