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Abstract: Metallogenic studies carried out in the Holy Cross Mountains indicate a relationship between miner-
alization and fault tectonics in Devonian formations. The impact of fault formation on the geochemistry of host 
rocks has not yet been studied. Mineralogical and geochemical studies of fault core gouges and damage zones in 
the fault walls of Devonian dolomites in the Budy and Jurkowice quarries were carried out. In the clay-carbonate 
filling of the fault fissure, the presence of two generations of Fe sulfides, the increased content of Zr, Nb, U and 
Th in relation to the surrounding rocks was noted. In the fault walls of the dolomites, iron sulfide and hematite 
mineralization were found. Research on the REE content indicates that it is lower in the fault walls than in those 
located far from it, while it is clearly higher in the fault gouge, especially in terms of the content of “heavy” ele-
ments (HREE). This indicates both the supply of some components to the fault zone from external sources and 
their displacement from the surrounding rocks. It was also found that the fault was renewed before and after the 
Neogene at least twice (Badenian).
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INTRODUCTION

Fault zones are ways in which fluids migrate in 
the rock massif and are of special interest in ore 
deposit geology, primarily as sites of mineraliza-
tion, together with their surroundings which have 
a halo of elements dispersed around these depos-
its. The processes of mineral substance displace-
ment and hydrothermal transformations in the vi-
cinity of faults, caused by the movement of fluids 
in a variable tectonic stress field, were also studied 

(Jaroszewski 1986, Bruhn et al. 1994, Jébrak 1997, 
Gratier et al. 2013). Fault zones are also of interest as 
routes for fluid migration in the earth’s crust and as 
indicators of seismicity (Delle Piane et al. 2017). The 
processes taking place in large regional fault zones 
activated by earthquakes is of particular interest 
(Ishikawa et al. 2014 and literature cited therein).

The example of a fault presented below brings 
interesting observations on the behavior of select-
ed chemical elements within the fault core and in 
the surrounding carbonate rocks. It also allows us 
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to trace the history of the fault’s development as 
one of the many recorded in the area of the Paleo-
zoic massif of the Holy Cross Mountains.

A characteristic feature of this massif is the oc-
currence of numerous regional transversal faults, 
with a displacement of up to several hundred me-
ters (Mizerski & Orłowski 1992), as well as sub- 
latitudinal dislocations with a distinct horizontal 
shift component (Konon 2007, 2015). They were 
formed in the Late Carboniferous after the main 
folding of Variscan movements (Mizerski 1998, 
2007), in the Mississippian and Early Permian 
(Wójcik et al. 2012). Their Caledonian foundations 
as well as later, the Maastrichtian-Palaeocene (Lar-
amide) or younger reactivation are also a matter 
of debate (Kutek & Głazek 1972, Lamarche et al. 
1999, Mizerski 2007). Numerous manifestations 
of ore and ore-free mineralization are associated 
with these fault zones (Rubinowski et  al. 1966). 
Rubinowski (1971) distinguished two metallogen-
ic epochs: Variscan and post-Variscan. During the 
Variscan epoch epigenetic iron and copper sulfide 
mineralization in the company of Co, Ni and Zn 
was formed. The post-Variscan is the epigenetic ga-
lena-barite mineralization, considered to be relat-
ed to the Laramide phase of tectonic movements. 
This raises the question of the impact of the post- 
Variscan tectonics on Variscan mineralization. 

The subject of the present study are the two 
submeridional faults registered in Middle Devoni-
an dolomites from the Budy and Jurkowice quar-
ries located in the Jurkowice element of the south- 
eastern part of the Kielce Region of the Holy Cross 
Mountains (Jurkowice Block). Attention was paid 
to the diversification of the content of trace ele-
ments in the fault zone, especially REE. The two-
fold renewal of the fault was also noticed.

THE JURKOWICE BLOCK

The Jurkowice Block (“element” acc. to Romanek 
1977) is located in the south-eastern part of the 
Holy Cross Mountains on the southern wing of 
the Klimontów anticlinorium (Fig. 1). It is consid-
ered a fragment of a W–E tectonic trench filled by 
Middle Devonian dolomites bordered on north-
ern limb by Lower Devonian clastic formations 
and subordinated Silurian (Romanek & Rup 1989). 
The general geology of the block was presented by 
Romanek (1977). More detailed data are provided 
by bore holes drilled during the exploration of do-
lomite deposits and from outcrops on the walls of 
the Budy and Jurkowice quarries (Fig. 1)

In Jurkowice Quarry, Eifelian dolomites of 
Wojciechowice and Barania Góra formations- 
Jurkowice member are present (Wójcik 2016). 

Fig. 1. Location (A) (acc. to Salwa 2017, simplified): 1  – Neogene fms, 2  – Cretaceous fms, 3  – Jurassic fms, 4  – Triassic fms, 5  – 
Permian fms, 6  – Carboniferous fms, 7  – Devonian fms, 8  – Silurian fms, 9  – Ordovician fms, 10  – Cambrian fms, 11  – igneous 
rocks (lamprophyre and diabase), 12  – faults; general geology of the research area without Neogene cover (B): 1  – Cambrian, 
2  – Lower Devonian, 3  – Middle Devonian Eifelian, 4  – Middle Devonian Givetian, 5  – faults, 6  – boreholes, 7  – contour of the 
quarry, 8  – studied faults

A

B

https://journals.agh.edu.pl/geol


79

Geology, Geophysics and Environment, 2024, 50 (1): 77–92

Multi-stage fault formation and REE distribution in the surrounding Devonian dolomites in the south-eastern part of...

Fig. 2. The studied fault in the Budy Quarry

In Budy Quarry, Middle Devonian  – Givetian 
dolomitized limestones of the Kowala Formation 
occur (Narkiewicz 1987, 1991). They are local-
ly covered with Neogene-Badenian deposits with 
varying degrees of thickness of up to a few meters, 
caused by their deposition on the rough top sur-
face of Devonian rocks, often filling narrow deep 
depressions. 

These are sands with a  horizon of dolomite 
boulders with numerous traces of lithophaga (bi-
valves) activity, sandstones, mudstones with plant 
detritus, lithotamnium detrital limestone and lo-
cal caliche like covers (Sermet et al. 2016).

The Jurkowice block is cut off from the east by 
the Samotnia dislocation (Romanek 1977) and dis-
sected by numerous faults. The most prominent are 
NE–SW faults bordering a horst located between 
Jurkowice and Budy quarries and the NWW–SEE 
strike-slip fault zone that contains a breccia core 
up to a  few meters thick and locally formed by 
slabs of folded wallrocks in the deformation zone. 
The brecciated dolomites and dolomites in the 
fault surroundings are irregularly recrystallized to 
varying degrees, replaced by illite and partly silici-
fied, impregnated by finely dispersed hematite or 
iron sulfides (Nieć & Pawlikowski 2015). 

The submeridional N–S to NNE–SSW dissect 
the whole suite of dolomitic rocks exposed in the 
Budy and Jurkowice quarries and are the object of 
a detailed study presented below. 

THE STUDIED FAULTS  
AND THEIR SURROUNDINGS

In the Budy Quarry, the normal NNE–SSW trend-
ing fault with at least 10-metres thrust was ex-
posed on six quarry levels, e.g. about 50 m in ver-
tical section (Figs. 2, 3). It is also clearly marked 
below on the electrical resistivity tomography sec-
tion as a  zone of very low resistance associated 
with the presence of iron sulfide mineralization 
(Fig. 4).

In the area of the fault occurrence, the Devo-
nian dolomites were covered by sandy Neogene- 
Badenian mudstones with plant detritus, over 
which sandy lithotamnian limestones and caliche, 
partly silicified cover. Recently it is removed by 
exploitation. The age of the fault is undetermined. 
It can be associated with the system of Late Va-
riscan dislocations cutting through the Paleozoic 
massif of the Holy Cross Mountains, but its later 
renewal can also be demonstrated.
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The Dolomites crossed by the fault are gray 
in color due to the presence of a  small amount 
of finely dispersed FeS2. Its oxidation means they 
become light brown as a  result of weathering at 
the highest levels of the mine, to about 20–30 m 
in depth, with the presence of overlying Neogene 
formations suggesting pre-Neogene weathering. 
The presence of such weathered dolomites in only 
one flank of the fault (Fig. 2) also suggests its re-
newal before the Neogene with about 10 m dis-
placement. In the overlying silicified lithotamnia 
Neogene limestones, a small fault with about 1 m 
thrust could be observed, thus some renewal of 
the fault also occurred after the Badenian. 

The fault fissure, from a  few to several centi-
meters wide, is filled with a black clay gouge, with 
rare, finely crushed fragments of dolomite (Fig. 5). 
In the fault walls, within the damage zone in the 
Devonian dolomites, small feather faults and 
joints appear, accompanied by crackle, mosaic 
breccia, and veins of coarse-crystalline dolomite. 

The dolomites in the fault walls are local-
ly mineralized with iron sulfides (marcasite- 
pyrite), which are replaced by hematite at a  dis-
tance of several centimeters to several meters from 
the fault core.

Sulfide mineralization occurs irregularly, usu-
ally in the form of impregnation and discontin-
uous coatings on the crack walls (Fig. 6) or the 
filling of thick cracks up to 1–2 mm, less often in 
the form of discontinuous, irregular veins with 
a thickness of several centimeters and in nest clus-
ters. The FeS2 content in samples with of 1–2 dm3 
volume can then reach some dozen percent. It also 
appears as cementing breccia, in the company of 
coarse-crystalline dolomite. Then it forms irregu-
lar coatings on the brecciated rock fragments The 
crystalline dolomite fills the remaining space or 
sometimes separates the sulfide bands from the 
breccia fragments (Fig. 7C). Iron sulfide aggregates 
are also brecciated and cemented by the generation 
of younger crystalline dolomites (Fig. 7A, B). 

Fig. 3. NNE–SSW fault in the Budy Quarry at III, IV and V exploitation level: 1–5  – sample location (see Table 1)

Fig. 4. Fault zone on electrical resistivity tomography section below the quarry footwall (Gawron 2010)

https://journals.agh.edu.pl/geol
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Fig. 5. Fine dolomite fragments in the fault gouge (transmitted 
polarized light)

Fig. 6. Iron sulfide crust (black arrows) on the fracture plane

Fig. 7. Brecciated marcasite-pyrite aggregates (A), broken iron sulfide aggregate (B), and brecciated dolomite rock fragment 
(green arrow) surrounded by iron sulfides (black arrows) and crystalline dolomite (yellow arrows) (C); transmitted polar-
ized light

A B

C
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Fig. 8. Mineralization in the weathering zone: A) hydrated iron oxides with calcite in the dedolomite breccia cement; B) hydro-
hematite-goethite veins and impregnations (transmitted polarized light)

In the weathering zone, sulfides are complete-
ly replaced to a  depth of approx. 10–20 m from 
the surface by hydrated iron oxides, which form 
a network of veins, and dolomite breccia cement 
(Fig. 8). The host rock in this zone is affected by 
dedolomitization, and calcite appears inside the 
veins of hydrated Fe oxides.

METHODS

The “fault gouge”, mineralized dolomites in the 
fault walls, and unmineralized dolomites at a dis-
tance of several meters from the fault zone were 
sampled on several levels of the mine following 
exploitation advancement. Due to the require-
ments of mining supervision regarding the safety 
rules, samples could only be taken in certain plac-
es, and therefore in a random manner.

Field macroscopic observations were support-
ed by binocular magnifying glasses and thin and 
polished section studies in polarized light. A FEI 
Quanta 200 FEG scanning microscope was used 
for detailed studies of the fault gouge. Chemical 
analyses in the micro-area were performed using 
an EDS detector carried out in the “low vacuum” 
mode. The research of the thicker fraction sepa-
rated from the fault gouge was carried out in the 
Trace Elements Laboratory of the AGH-KGHM 

using a  Jeol Super Probe 8230 electron micro-
probe equipped with a number of spectrometers 
for chemical analyses. X-ray diffraction tests were 
performed with a  DRON 2.5 diffractometer and 
monochromatic Cu Kα radiation used. For the in-
terpretation of the results, the XRAYAN comput-
er identification program was used.

Chemical analyses were performed in the 
AcmeLabs laboratory (Bureau Veritas), with sam-
ples weighing approx. 1 kg being crushed into ap-
prox. 2 mm grains. After mixing, they were re-
duced in a Jones splitter to 250 μm, before being 
ground to 75 μm size.

The analytical 0.5 g sample after lithium borate 
fusion was dissolved in aqua regia. ICP-ES/MS 
analyses were performed according to the stan-
dard LF 200 and A 200 AcmeLabs procedure.

RESULTS

Clay minerals are the main components of the 
fault gouge, with 3% content of iron sulfides and 
the significantly higher content of TiO2, Zr, Hf, 
Nb, Th, U compared to the surrounding dolomites 
and, less clearly, V, Co, Ni, As, Zn, Pb, Mo (Table 1, 
Figs. 9, 10). The dolomites, FeS2 mineralized in the 
vicinity of the fault are characterized by increased 
contents of Zn, Pb, Co, Ni, As. Mo which can be 
associated with the presence of iron sulfides. 

BA
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Table 1
Analyzed samples taken at the IV exploitation level

Recorded 
components

Fault gouge
Dolomites mineralized in the fault walls

Dolomites distant from the fault
with FeS2 with Fe2O3

1 2 3 4 5

[%]

SiO2 32.69 2.91 0.87 5.49 7.19
Al2O3 18.49 1.53 0.41 1.29 2.58
Fe2O3 3.23 9.66 0.82 0.63 1.19
MgO 9.15 16.17 20.24 19.44 18.40
CaO 8.90 24.11 30.63 28.77 26.59
Na2O 0.15 0.02 0.03 0.03 0.04
K2O 3.37 0.36 0.11 0.36 0.73
S 1.35 7.49 0.07 0.07 0.26
TiO2 0.92 0.06 0.02 0.06 0.13

[ppm]

Zr 309.3 15.7 4.8 12.4 33.3
Hf 7.8 0.4 0.1 0.3 0.6
Nb 20.2 0.9 <0.1 0.7 2.6
Th 14.3 0.9 0.3 0.9 1.9
U 12.1 2.5 1.1 1.4 2.9
V 98 47 <8 13 21
Co 6.5 5.6 2.2 1.3 1.8
Ni 26.4 14.0 5.5 4.9 6.5
As 27.4 21.0 1.5 1.6 4.3
Cu 3.5 4.2 2.0 1.9 1.5
Pb 8.0 24.9 0.9 1.4 2.2
Zn 69 65 12 8 15
Mo 1.0 1.3 0.3 0.1 0.2
La 6.7 4.8 4.8 6.3 6.3
Ce 12.3 9.3 8.7 13.1 13.2
Pr 1.50 1.11 0.94 1.44 1.47
Nd 6.1 4.2 3.6 5.3 5.8
Sm 1.28 0.77 0.54 0.97 1.09
Eu 0.25 0.13 0.10 0.22 0.20
Gd 1.25 0.69 0.51 1.01 1.09
Tb 0.21 0.10 0.07 0.16 0.15
Dy 1.32 0.63 0.43 0.98 0.85
Ho 0.30 0.13 0.09 0.19 0.20
Er 1.02 0.34 0.26 0.60 0.52
Tm 0.16 0.05 0.03 0.08 0.10
Yb 1.21 0.31 0.20 0.49 0.61
Lu 0.20 0.03 0.03 0.07 0.07
Y 8.5 3.6 2.8 5.2 4.7

1  – clayey fault gouge, 2  – mineralized dolomites in the fault walls, 3  – not mineralized dolomites in the fault walls, 4, 5  – dolomite located far 
from the fault zone.
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Fig. 10. Average content of selected elements normalized to their content in the upper earth’s crust (UCC acc. Rudnick 
& Gao 2014): GU  – fault gouge, P, H  – mineralized dolomites in the fault walls damage zone (P  – iron sulfides, H  – hematite), 
D  – dolomites far from the fault zone

Fig. 9. The content of selected components of the tested samples (% and ppm, respectively): 1  – fault gouge, 2  – mineralized  
dolomites in the fault walls, 3  – not mineralized dolomites in the fault walls, 4, 5  – dolomite located far from the fault zone

The unmineralized dolomites in the fault vicin-
ity do not differ from those located further away, 
although the variation in the content of rare earth 
elements is interesting (Figs. 11, 12). This reaches 
40–41 ppm in the dolomites outside the fault zone, 
434 ppm in the fault clay gouge, while it is clearly 

lower in the fault walls damage zone and amounts 
to 26–28 ppm. The variation of HREE content par-
ticularly marked: their enrichment in the fault 
gouge and depletion in dolomites in the fault walls 
in the damage zone. This suggests the REE dis-
placement from the fault walls into the fault gouge.

https://journals.agh.edu.pl/geol
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Fig. 11. REE content normalized to chondrite (A) and upper crust (B) in samples from IV exploitation level: 1  – fault gouge, 
2  – mineralized dolomites in the fault walls, 3  – not mineralized dolomites in the fault walls, 4, 5  – dolomite located far from 
the fault zone

Microscopic identification of the fault gouge 
forming minerals is practically impossible due to 
the presence of black and very poorly transparent 
material. Therefore, this material was screened 
into fractions <0.06 mm and 0.2–0.06 mm, and 
tested separately. The <0.06 mm grain size frac-
tion was examined by phase X-ray diffraction, and 
the presence of dolomite, illite, calcite, kaolinite, 
titanite, pyrite and gypsum was identified. The 
elevated diffraction background pattern in the 
20–40° 2Ɵ section (Fig. 13) proves the presence 
of a substance with a disordered atomic structure, 
i.e. heavy hydrocarbons (Fig. 13). The 0.2–0.06 m 
fraction (Fig. 14) was analyzed using a binocular 
loupe at magnifications up to 150× and micro-
scopically in the polarized transmitted light.

Planimetric analysis performed under a  bin-
ocular magnifying glass allowed us to identify 
dolomite as the main constituent of this fraction 
as well as ore minerals (Table 2, Figs. 14, 15). The 
CaO content varied from 57.43 to 59.83%, and 
MgO from 35.87 to 42.57% suggests that there 
are fragments of rocks unevenly dolomitized or 
dedolomitized as a result of weathering, indicat-
ed by the presence of gypsum. There are only few 
percent of ore minerals in this fraction, with the 
presence of galena, sphalerite and undetermined 
Mn minerals detected by electron microprobe 
analysis (Tables 2, 3, Fig. 16). Iron sulfides form 
two types of grains: finely crushed and micro-
globular aggregates (Fig. 17), suggesting two dif-
ferent sources.

A

B
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Fig. 13. X-ray diffractogram of fine fraction <0.06 mm of fault gouge

Fig. 12. Mean REE content in samples taken at different quarry levels, normalized to chondrite (A) and upper crust (B): 
GU  – fault gouge, P  – dolomites FeS2 mineralized (5 analyses), H  – dolomites with hematite (3 analyses), D  – barren dolomites 
(4 analyses) 

A

B

https://journals.agh.edu.pl/geol


87

Geology, Geophysics and Environment, 2024, 50 (1): 77–92

Multi-stage fault formation and REE distribution in the surrounding Devonian dolomites in the south-eastern part of...

Fig. 14. Ore mineral grains from the fault gouge: A) iron sulfide; B) galena; C) sphalerite

Fig. 15. The electron microprobe studied ore mineral grains selected from the fault gouge 

Fig. 16. Mineral composition of <0.2 mm fraction

A B C
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Table 2
Results of planimetric analysis of material screened from fault 
clayey gouge

Mineral Content [%]

Dolomite 79.0

Quartz 4.6

Piryte 5.3

Galena 2.1

Sphalerite 1.9

Minerals Mn 7.1

Crushed sulfide grains clearly indicate the 
brecciation of mineralized formations before the 
currently observed fault filling. This can be asso-
ciated with the renewal of the fault, which also 
results in the brecciation of iron sulfide clusters 
present in the fault walls.

The high content of sulfur in relation to Fe 
in the iron sulfide grains identified as “pyrite” 
is noteworthy. The S/Fe % ratio is about 2, while 
in pyrite or marcasite it should be 1.17 (Fe 46%, 
S 54%). This suggests that the analyzed grains are 
enriched in sulfur towards Fe3S8 polysulfide.

.

Fig. 17. Two types of iron sulfide grains in the fault gouge. Microaggregate nodular pyrite (blue arrow) and crushed pyrite grains 
(red arrow). Electron microprobe

Table 3
Results of electron microprobe chemical analyzes of Fe sulfides from fault gouge 

Fe sulfide
S Co Fe Ni Zn Sb Cu As Total

[wt.%]

Microglobular 66.9681 0.0348 32.9777 0.0073 0.0022 0.0000 0.0099 0.0000 100.00

Angular (crushed)

66.9213 0.0284 33.0375 0.0000 0.0113 0.0000 0.0016 0.0000 100.00

66.9236 0.0402 33.0210 0.0000 0.0118 0.0034 0.0000 0.0000 100.00

66.7286 0.0389 33.2187 0.0129 0.0010 0.0000 0.0000 0.0000 100.00

67.2562 0.0134 32.7147 0.0082 0.0032 0.0000 0.0043 0.0000 100.00

67.0391 0.0326 32.9143 0.0023 0.0118 0.0000 0.0000 0.0000 100.00

https://journals.agh.edu.pl/geol
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The dolomites in the vicinity of the fault fis-
sure are FeS2 mineralized with varied intensity. 
The iron sulfide content varies within broad lim-
its ranging from just a few percent to over a doz-
en, and exceptionally up to about 70% in locally 
occurring vein clusters. The increased but varied 
accompanying metal content is associated with 
this mineralization. Particularly remarkable is the 
predominance of Ni over Co (Fig. 18) and the in-
creased content of vanadium. This suggests the 

regeneration of sulfides from older sedimentary 
formations.

The variation of the observed REE and other 
components in the vicinity of the fault suggests 
the presence of lateral secretion processes in their 
displacement.

A  similar behavior of elements, in particu-
lar REE, was also found in the vicinity of a fault 
(Fig. 19) in the Eifelian dolomites in the Jurkowice 
Quarry. 

Fig. 18. Co-Ni content relationship in samples with FeS2. 

Fig. 19. REE content in samples in the Jurkowice fault zone and its surroundings, normalized to the upper crust; U – brecciated 
dolomite in the fault zone, P, L  – dolomites in the fault wings
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DISCUSSION 

The studied faults are examples of the many which 
have been recorded in the Paleozoic Massif of the 
Holy Cross Mountains and which are generally of 
a similar orientation to the great transversal dis-
locations crossing this massif (Mizerski & Orłow
ski 1962). They were paths for the migration of 
mineralizing fluids which were rich in sulfur and 
contained chalcophile elements, although the low 
content of Cu is noteworthy. Also, interesting is 
the high content of Zr and Hf and increased levels 
of Ti, Nb, U and Th in relation to the surrounding 
undisturbed rocks. This suggests that they were 
supplied from an external source and concentrat-
ed in the clayey environment of the fault gouge.

Differences in the content of some elements in 
the fault gouge and surrounding dolomites, espe-
cially REE, can also be interpreted as stemming 
from their lateral movement and accumulation in 
the residual products of the removal of carbonate 
components in the fault fissure. However, a clear 
increase in the content of HREE in relation to 
LREE is noteworthy and suggests either the sup-
ply of HREE from the outside or the removal of 
LREE in the process. The general decrease in the 
total REE content in mineralized dolomites in re-
lation to those occurring beyond the mineraliza-
tion zone seems to indicate the supply of HREE to 
the fault core from beyond the immediate vicinity 
of the fault.

The mobility of LREE greater than HREE has 
often been reported in hydrothermal and weath-
ering processes (Williams-Jones 2015, Migdisov 
et al. 2016), although the mobility of HREE is also 
reported (Yongliang & Yusheng 1991). The mobil-
ity of chemical components in fault zones is of-
ten found in the environment of aluminosilicate, 
igneous, and metamorphic rocks (Park & Kim 
2014). It is also noted in the environment of car-
bonate rocks and associated with the movement 
of hydrothermal fluids. In addition to the sup-
ply of some elements from the outside, their lat-
eral secretion movement to the fault core from 
wall rocks is also observed (Nuriel et  al. 2011). 
A differentiation of REE content in fault zones is 
noted (Su et  al. 2003), especially the enrichment 
of fault core (Liu et al. 2017) which is associated 

with their seismic activity (Manighetti et al. 2010, 
Mouslopoulou et al. 2011). An increase in the REE 
and Y content in their outcrops is also observed as 
a result of weathering processes.

In the considered fault case, sulfide-hematite 
mineralization indicates low-temperature hydro-
thermal processes (Nieć & Pawlikowski 2019), ac-
companied by the movement of LREE toward the 
fault core. Their enrichment in the fault gouge is 
enabled by the sorption properties of the clay min-
erals which are its main constituent.

CONCLUSIONS

The presence of fragmented iron sulfide aggre-
gates in the fault clayey gouge indicates that its 
formation took place after the sulfide mineral-
ization present in the dolomites in the fault walls. 
The presence of uncrushed sulfide clusters in it at 
the same time indicates a two-phase mineraliza-
tion process separated by fault renewal.

The varied extent of the weathering zone in the 
fault walls and below the overlying Neogene for-
mation presented above allow us to presume the 
fault renewal before the Neogene and the second 
phase of mineralization, or the regeneration of the 
older one. Lamarche et al. (1999) found the reacti-
vation of meridional faults in the S–W part of the 
Holy Cross Mountains and associated it with tec-
tonic processes in the Laramie phase during the 
Maastrichtian-Paleocene period. The above-pre-
sented observations of fault extension in the Neo-
gene formations indicate at least two renewal 
phases of the examined fault i.e. before and after 
or during the Neogene, precisely before and after 
the Badenian.

The Jurkowice block is located on the border 
of the Paleozoic core of the Holy Cross Moun-
tains and the Carpathian Foredeep, in the for-
mer coastal zone of the Neogene sea basin (Rad-
wański 1973). In the Carpathian Foredeep, close 
to the studied area, tectonic movements are de-
tected during and after the sedimentation of the 
Miocene formations (Pawłowski 1965, Radwański 
1973, Romanek 1977). The renewal of older faults 
is a consequence of these movements and, in the 
case of the described fault, they occurred before 
and after the Lower Badenian.
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The observed variation in REE content in the 
described fault zones suggest their local redistri-
bution by mineralizing fluids. Fault related iron 
sulfide mineralization is analogous to that accom-
panying other Variscan faults (Nieć & Pawlikow-
ski 2015). The contents of Ni and V in iron sulfides 
suggest that their primordial source could have 
been older sedimentary formations. Younger tec-
tonic movements before and after the Lower Bad-
enian caused the brecciation of sulfide aggregates 
and their partial regeneration. The rejuvenation 
of the Variscan mineralization has not been ac-
counted for in former studies of the metallogeny 
of the Holy Cross Mountains. 
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