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Field work con ducted in the area of the Bystre Slice of the Pol ish Carpathians has al lowed the rec og ni tion and map ping of
min eral as sem blages with re spect to a mélange zone. Ore min er al iza tion in the Cre ta ceous and Paleogene zones of the
Bystre Slice, an a lyzed geochemically, petro graphi cally and min er al og i cally, in cludes epigenetic min er als such as realgar,
orpiment and cin na bar, here char ac ter ized and their parageneses de scribed. Fluid in clu sions are dis tin guished in newly dis -
cov ered realgar crys tals, and microthermometric re sults al low a min er al og i cal se quence in the study area to be pro posed.
The new min eral goyazite, pre vi ously not de scribed in the Carpathians, oc curs as solid in clu sions in the realgar crys tals,
co-oc cur ring with kaolinite. The min er al iza tion likely re lates to a mag matic anom aly pres ent in the NE part of Slovakia in the
West ern Carpathians south of Dukla in Po land, and a pos si ble sub-sur face subvolcanic body that deep ens to wards the E,
the in ferred top of which lies at a depth of ~1 km. The min er al iza tion may be con nected with dis lo ca tions in the rock units.
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INTRODUCTION

For many de cades the Pol ish part of the Carpathian chain
(Fig. 1) has been in ten sively pros pected and mined for hy dro -
car bons and metal ores. Iron, cop per and man ga nese ores and
even gold have been ex ploited in the flysch Carpathians and in
the Tatra Mts. in the past. At pres ent, the min ing has a mostly
his tor i cal sig nif i cance. How ever, ores re main and re flect the
geo log i cal pro cesses that led to the for ma tion of these min eral
ac cu mu la tions.

Af ter World War II, the search for re sources re sulted in the
dis cov ery of man ga nese, cop per and ar senic ores (Gruszczyk,
1958), and signs of dif fer ent kinds of min er al iza tion have been
found at the sur face (e.g., Gawe³, 1970; Wieser, 1994; Jebrak,
2012; Nieæ et al., 2016). A need to search at greater depth has
been ex pressed, es pe cially as re gards the tec tonic mélange
zones in the Carpathians (e.g., Jankowski, 2015a, b). The
Bystre Slice ap pears to be a suit able area for the con tin u a tion of 
such re search (Wieser, 1994; Nieæ, 2010).

Min eral stud ies in the Carpathians at the be gin ning of the
21st cen tury have con cen trated on de ter mi na tion of the min eral 
char ac ter (Dudok and Jarmo³owicz-Szulc, 2000; Dudok et al.,
2002; Jarmo³owicz-Szulc and Dudok, 2005; Jankowski and
Jarmo³owicz-Szulc, 2009), and on the petrographic anal y sis of
the rocks within the flysch de pos its (e.g., Leœniak et al., 2009).
In ten sive field re search and map ping has been con ducted par -
al lel to these stud ies (Jankowski, 2004, 2007, 2015a;
Jankowski and Probulski, 2011).

For many years, as so ci a tions of sulphides and other min er -
als have been stud ied in the area of the Bystre Slice (e.g.,
Gawe³, 1970; Wieser, 1994). Wilczyñska-Michalik and Michalik
(2000) sug gested that as so ci a tions of sulphides and
kaolinite-bar ite may point to a vari abil ity in the chem i cal com po -
si tion of the min er al iz ing so lu tions. The or i gin of such flu ids is,
how ever, un known. The mi gra tion of so lu tions from the dis tinct
depth may be in volved, per haps re lated to mag matic events, or
to lo cal fluid cir cu la tion and dis so lu tion of com po nents from the
flysch de pos its. Diagenetic in flu ence may be also con sid ered.
Wilczyñska-Michalik and Michalik (2000) stated a need for de -
tailed stud ies of fis sure-fill ing min er als and of the sur round ing
rocks aim ing at ex plain ing the or i gin of the so lu tions and the
con di tions of min eral for ma tion. Such re search has been re -
cently un der taken and partly re ported (Jarmo³owicz-Szulc et
al., 2023), to gether with fluid in clu sion stud ies.
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Fig. 1. Lo ca tion of the study area

A – lo ca tion of the study area on a map of Po land; B – lo ca tion of the study area on a sim pli fied geo log i cal map of Outer Carpathian
units in SE Po land; C – geo log i cal map of the Bystre Slice (Œl¹czka, 1958; Jankowski and Œl¹czka, 2000; Jankowski, 2001; Malata,

2001; Jarmo³owicz-Szulc et al., 2023,  mod i fied)
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Ap pli ca tion of fluid in clu sion (FI) stud ies in min er als in sed i -
men tary bas ins may pro vide much data needed for re con struc -
tion of con di tions in volv ing the pres ence of hy dro car bons, of the 
com po si tion of gas phases, of mi gra tion pro cesses, and so on
(e.g., Jarmo³owicz-Szulc and Jankowski, 2011; Jarmo³owicz-
 Szulc et al., 2012; Jarmo³owicz-Szulc, 2016).

Pre vi ous FI stud ies have been car ried out on the Ukrai nian
side of the Carpathians (Vityk et al., 1996) with some data from
the Pol ish side (Karwowski and Dorda, 1984). Newer micro -
thermo metric data de scribed by Œwierczewska et al. (1999),
Tokarski et al. (1999) and Hurai et al. (2002) have in di cated an
in crease in pres sure and tem per a ture val ues es ti mated from
FIs from min er als in the Magura nappe to wards the Dukla zone. 
High val ues have been ob tained in the cen tral part of the
Carpathians and very deep burial is sug gested there. At the
bor der Pol ish-Ukrai nian area, the P-T val ues seem to be lower
(Jarmo³owicz-Szulc and Dudok, 2005). Al to gether, the
microthermometric data in the bor der area show a dis tinct dif -
fer en ti a tion as re gards data from quartz (Dudok and
Jarmo³owicz-Szulc, 2000 and bib li og ra phy therein;
Jarmo³owicz-Szulc, 2000, 2001, 2009; Jarmo³owicz-Szulc and
Dudok, 2001, 2005; Jankowski and Jarmo³owicz-Szulc, 2009;
Jarmo³owicz-Szulc et al., 2012).

GEOLOGICAL STRUCTURE OF THE REGION

The Carpathians form part of the Al pine orogen, ex tend ing
for >1300 km from the Vi enna For est to the Iron Gate on the
Dan ube. In the west, the Carpathians are linked with the East -
ern Alps, and in the east they pass into the Bal kan chain
(Oszczypko, 2004). The tra di tional, com monly used sub di vi sion 
of the Pol ish seg ment of the Carpathians is based on a dis tinc -
tion be tween the In ner Carpathians, that com prise the Tatra
Mas sif, the Pieniny Klippen Belt and the Podhale Ba sin, and the 
Outer Carpathians, di vided into the Magura, Dukla, Silesian,
Skole, Zg³obice and Stebnik units. The Silesian unit (nappe) is
di vided into two mi nor parts: the Cen tral Carpathian De pres sion 
and the Fore-Dukla sub-unit in Po land (e.g., Oszczypko et al.,
1989; Rubinkiewicz, 2000, 2007). The Outer Carpathians are
com posed of ma rine sed i men tary rocks that have been de pos -
ited in the a ba sin (Jankowski, 2015a), or in one of the sub-bas -
ins of the Tethys Ocean in the Late Ju ras sic to the Early Mio -
cene in ter val (e.g., Sikora, 1976; Golonka, 2004; Oszczypko,
2004). The de pos its of the Tethys Ocean are mainly turbidites
of prograding sub ma rine fans (D¿u³yñski, 1959; Unrug, 1963;
Leszczyñski, 1989).

In the Outer Carpathians, a fold-overthrust struc ture is vis i -
ble, as so ci ated with stages of compressional de for ma tion
(Csontos et al., 1992; Oszczypko, 2004). In the Early Neo gene,
an de site-ba salt vol ca nism oc curred as fol lows. An de site-ba -
salt-rhy o lite vol ca nism (Wieser, 1994) was a re sult of con trac -
tion of the ALCAPA – Tisza-Dacia microplates in the re gion of
north-east ern Slovakia and in the Ukrai nian Transcarpathia. Al -
ka line Mio cene mag mas in the south of the area were re placed
by more acidic Plio cene mag mas to the north (Wieser, 1994).
The re sult ing so lu tions were sat u rated with el e ments or com -
pounds of mer cury (Hg), ar senic (As), an ti mony (Sb), cop per
(Cu) and other met als, as in di cated by the min er al iza tion doc u -
mented (Nieæ, 2010; Radwanek-B¹k et al., 2015; Nieæ et al.,
2016).

In the Pol ish part, the Carpathians were overthrust onto the
west ern Eu ro pean plat form which is di vided into the Bruno -
vistulicum and the Ma³opolska blocks sep a rated by a tec tonic
zone (vide ¯elaŸniewicz et al., 2011). These geo log i cal units
are mainly doc u mented by bore holes (e.g., Bu³a and Habryn,

2008). The depth of the blocks, known from bore holes, var ies
from a few hun dred metres in the mar ginal part of the foredeep
up to >7000 m be neath the Carpathian overthrust (Oszczypko,
2004). The west ern Eu ro pean plat form is built of a Pa leo -
zoic-Me so zoic sed i men tary cover over ly ing Pre cam brian
metasedimentary, meta mor phic and ig ne ous base ment rocks
(Ry³ko and Tomaœ, 2005). In the study area the base ment
struc ture be neath the Silesian Unit is poorly un der stood. At -
tempts to de scribe it in this area have been made mainly on the
ba sis of geo phys i cal and magnetotelluric meth ods (M³ynarski et 
al., 1982; Stefaniuk, 2001; Ry³ko and Tomaœ, 2005).

The pres ent re search was car ried out south-east from
Baligród vil lage within the tec tonic struc ture called the Bystre
Slice (Fig. 1; Œl¹czka, 1958). The geo log i cal suc ces sion of the
Bystre Slice (BS) com prises for ma tions rang ing from Lower
Cre ta ceous to the Oligocene or even lower Mio cene, typ i cal of
the Silesian Unit (Œl¹czka, 1958; Rubinkiewicz, 1998;
Jankowski and Œl¹czka, 2000). The most im por tant of these are 
the Cre ta ceous Cieszyn and Grodziszcze sand stones, the
Lgota beds, the Godula shales, the lower Istebna and the
Paleocene up per Istebna beds (Œl¹czka, 1958; Jankowski and
Œl¹czka, 2000; Jankowski and Jarmo³owicz-Szulc, 2009).
More over, the BS also in cludes the Eocene Hi ero glyphic and
the Ciê¿kowice beds, and the Oligocene Krosno and the
Menilite beds (Œl¹czka, 1958; Jankowski and Œl¹czka, 2000;
Jankowski and Jarmo³owicz-Szulc, 2009).

The BS has a sigmoidal shape and it is overthrust onto the
Oligocene Krosno beds to wards the NE. At the south ern mar gin 
of the BS Jankowskiand Jarmo³owicz-Szulc (2004) de scribed a
large NW–SE ori ented mélange zone (e.g., Jankowski and
Jarmo³owicz-Szulc, 2004). The SW mar gin of the BS likely also
in cludes re verse and thrust faults. The main faults in the NW
and cen tral parts of the BS have a NE–SW strike, while those in
the SE part are close to E–W. A char ac ter is tic fea ture of the BS
is the over turned at ti tude of beds with the az i muth of the an gle
di rected mainly to wards the NE. The most in tense tec tonic de -
for ma tion can be seen in the Cieszyn and Lgota beds, seen
mainly as shear zones as so ci ated with nu mer ous folds.

Min er al iza tion was ob served through out the geo log i cal suc -
ces sion (Fig. 2). It mostly in cludes cal cite and quartz as well as
bi tu mi nous im preg na tions. In the area of the BS it is com mon to
ob serve cal car e ous sinter (trav er tine), most of ten in stream
sec tions. The pres ent re search is fo cused on the min eral
realgar (AsS) and its parageneses (Jarmo³owicz-Szulc et al.,
2023). Field re search and the search for min er al iza tion were
car ried out in the Rabe Stream, and the Gruby and the Drobny
quar ries and sur round ing area. The field work de tailed doc u -
men ta tion of the geo log i cal suc ces sion and tak ing sam ples for
lab o ra tory anal y ses. Sul phide min er al iza tion was col lected
from the Lgota Beds in the Drobny Quarry (Huczwice), from the
Up per Istebna shales and Up per Istebna sand stones (the
Gruby Quarry), in the ex po sure above the Rabe Stream’s main
scarp, as well as in a new site lo cated in a small trib u tary of the
Rabe Stream, in the Oligocene Menilite Beds. The sam pling
site of realgar in the Rabe Creek scarp is lo cated within
siltstones and sand stones.

SAMPLING AND ANALYSES

Af ter re view of the avail able lit er a ture (e.g., Wieser, 1994;
Rubinkiewicz, 2000; Jankowski and Œl¹czka, 2000; Nieæ et al.,
2016) and geo log i cal maps (Œl¹czka, 1958; Oszczypko, 2004),
sev eral sam pling lo ca tions were de ter mined (Fig. 3). Sam ples
were taken from the Drobny Quarry (Huczwice), the Gruby
Quarry, the slope at the Rabe Stream, and in a trib u tary of the
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Rabe Stream (Ta ble 1 and Fig. 3). Sam ples were col lected us -
ing the point method.

The Gruby Quarry is lo cated south of the Rabe–Huczwice
road. The quarry wall ex poses very thick grey sand stones and
con glom er ates, with oc ca sion ally thin mudstone interbeds. In
the west ern part of the quarry, a bright red coat ing is com mon
on the sur face of the frac tured sand stone beds. In the Gruby
Quarry, sam ples for fur ther anal y ses were taken within the Up -
per Istebna beds (Fig. 3A).

The Drobny Quarry is lo cated north of the Rabe–Huczwice
road and has three min ing lev els. The quarry is dom i nated by
thin-bed ded sand stones. One interbed of dark shales sev eral
metres thick was ob served. A red coat ing is com mon on the
sur face of the frac tured sand stone lay ers. In the Drobny Quar -
ry, the ma te rial for study was col lected within the Lgota beds
which are ex posed in longwalls (Fig. 3B).

Min er al iza tion was also ob served within nat u ral ex po sures.
One site is lo cated on a scarp near the wa ter in take (Fig. 3C)
and a sec ond one is lo cated in a trib u tary of the Rabe Stream
~200 m to the south-west of the wa ter in take.

The first site ex poses thick-bed ded sand stones and con -
glom er ates of the Up per Istebna beds. Realgar was ob served
both within weath ered sand stone and in tec tonic frac tures in the 
sand stones and con glom er ates. Realgar crys tals in the weath -
er ing lay ers are up to sev eral mm in length and dis play a tab u lar 
crys tal habit. They have a glassy lus tre. On slick en sides, real -
gar oc curs in the form of nests and veins.

In the sec ond ex po sure, sand stones and shales of the
Menilite beds are pres ent. Lo cally abun dant ar senic min er al iza -
tion was found there within a mudstone tec tonic brec cia, while
loose, washed-out realgar crys tals (of the same de vel op ment
as in the first lo cal ity) oc cur in flu vial sed i ments. In the tec tonic
brec cia, the realgar oc curs in form of nests, lenses and also
forms var nishes within druses (Fig. 3D). The crys tals reach up
to 1–3 cm in length. Abun dant orpiment was found to gether with 
realgar at this lo ca tion.

METHODS

Sam pling points at the four lo cal i ties within the BS, around
Baligród near Rabe, are shown in Fig ure 1C. A range of mi cro -
scopic anal y ses were used to an a lyze the sam ples, cor re spond
to those de scribed else where (e.g., Jankowski and Jarmo -
³owicz-Szulc, 2009, and ref er ences therein; Jarmo³owicz-Szulc
and Tobo³a, 2021; Tobo³a and Jarmo³owicz-Szulc, 2023, and
ref er ences therein). The pro ce dures in cluded sam pling and
prep a ra tion; mi cro scopic eval u a tion of the ma te rial; de tailed mi -
cro scopic study, anal y sis of or ganic mat ter, min er als and in clu -
sions; and aux il iary stud ies, such as Raman, SEM or XRD anal -
y ses. Forty thin and thick sec tions were an a lyzed us ing a
Optiphot 2Pol (Nikon) po lar iza tion mi cro scope. XRD anal y ses
were per formed by a X’Pert PW 3020 X-ray diffractometer by
Philips to study the min eral as sem blages (Pol ish Acad emy of
Sci ence, Kraków). The phase anal y sis was con ducted on pow -
dered sam ples (grains to 0.063 mm). Diffractograms were reg -
is tered at an gle in ter val 5° ÷ 60°2q and iden ti fied based on
ICDD tests (e.g., Œrodoñ et al., 2001).

The Raman anal y ses per formed on new sam ples were con -
ducted us ing Thermo Sci en tific ™DXR equip ment with a
Nd-YAG la ser (wave length 532 nm). De tails of the mea sure -
ments have been re cently de scribed by Tobo³a and Jarmo -
³owicz-Szulc (2023). The la ser strength was 1–2 mW in case of
the or ganic mat ter, and 5 m W for fluid and sta ble in clu sions.
The anal y ses were con ducted at AGH Uni ver sity in Kraków.

Fluid in clu sion anal y ses were per formed on 30
two-sided-pol ished wa fers at the PGI in War saw. Fluid in clu -
sions were an a lyzed us ing a Nikon Linkam freez ing-heat ing
stage. Ob ser va tions were made us ing a po lar iza tion mi cro -
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Fig . 2. Sim pli fied lithostratigraphic pro file of the Bystre Slice
(Rubinkiewicz, 1998; Jankowski and Œl¹czka, 2000,  mod i fied)

Lo cal iza tion GPS Ge ol ogy Li thol ogy Sam ple num bers

Drobny Quarry N 49°19.02;
E 22°14.44 Lgota Beds sand stone/shale DR3, DR3.3, DBX3

Gruby Quarry N 49°18.18;
E 22°14.58 Istebna Beds sand stone/mudstone Gru IX

Rabe Stream scarp N 49°18.23;
E 22°14.41 Istebna Beds sand stone PK, PK1–PK3, PK-3.1, PK4, PK4.1,

RapV

Rabe Stream left-bank trib u tary N 49°18.25;
E 22°14.23 Menilite Beds mudstone tec tonic brec cia PK-7, PK-8, PK-10, PK-11

T a  b l e  1

Sam pling localations in the Bystre Slice
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scope, both in trans mit ted and re flected light (UV).
Microthermometric anal y ses were cal i brated against melt ing
tem per a tures of pure chem i cals and phase tran si tions in syn -
thetic fluid in clu sions (Synflinc stan dards). The un cer tainty lim -
its of freez ing-heat ing modes are 0.2°C be low –100°C, 0.1°C
be tween –100°C and +100°C and 1°C above 100°C un til the
equip ment’s tem per a ture thresh old. FI pe trog ra phy was based
on the cri te ria of Roedder (1984) and Goldstein et al. (2003).

Stud ies of the in clu sions were con ducted us ing a Nikon
Eclipse mi cro scope with a flu o res cent de vice. Apart from the
”fluid in clu sion pe trog ra phy”, the in clu sions were an a lyzed by
mer cury lamp in the ul tra vi o let and blue ranges. The hy dro car -
bons flu o res cence was in duced by ul tra vi o let re flected light in the 
plates pre pared for fluid in clu sion microthermometric stud ies.

FI anal y ses were per formed on realgar, goyazite, car bon -
ates and the quartz. Sim i lar an a lyt i cal steps were car ried out.
For car bon ates and car bon ate ce ments, heat ing took place
prior to freez ing as sug gested by Goldstein and Reynolds
(1994); for quartz and goyazite the pro ce dure was re versed.
Cal cu la tions of microthermometric re sults (isochores, sa lin ity
and other fluid pa ram e ters) were made us ing the FLINCOR
pro gram (Brown, 1989) for com plex chem i cal sys tems. The in -
ter pre ta tion of microthermometric re sults was per formed ap ply -

ing Bakker’s pack ages (e.g., Bakker, 2003). All cal cu la tions
were con ducted for sim pli fied chem i cal sys tems and re ferred to
the NaCl weight per cent equiv a lent.

SEM anal y ses were per formed in PGI in War saw to es tab -
lish min eral com po si tion, us ing a 1430 LEO elec tron scan ning
mi cro scope, com bined with EDS ISIS. Un cov ered car -
bon-coated thin sec tions were an a lyzed.

RESULTS

Rocks oc cur in the Baligród re gion com prise sand stones
(lithic, sublithic and subarkosic arenites and lithic wackes), con -
glom er ates and lime stones. The min er al iza tion, how ever, is
mostly re stricted to the sand stones and/or tec tonic brec cia.
Anal y sis of re cently col lected rock sam ples cor rob o rates pub -
lished ex am ples (Jarmo³owicz-Szulc, 2001a, 2009, 2016;
Leœniak et al., 2009). Ce ments in the sand stones are rep re -
sented by quartz and cal cite, by a clayey-cal car e ous ma trix
(with Fe hy drox ides) and by the a clayey-quartz ce ment. The
grain fab ric of the sand stones is built of quartz, feld spars
(mainly po tas sium feld spars, rare plagioclases) and lithic
clasts. Glauconite, micas (fre quent mus co vite, rare bi o tite),
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Fig . 3. Three sam pling lo ca tions (A, B, C) and close-up of a spec i men with the rich est realgar min er al iza tion 
at the fourth lo ca tion (D)

A – the Gruby Quarry; B – the Drobny Quarry; C – the scarp near a wa ter in take; D – “pock ets” filled with realgar min er al iza tion in tec tonic
brec cia in sam ples from a trib u tary of the Rabe Stream; in pho to graphs A, C, D the oc cur rence of realgar is shown with red ar rows
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heavy min er als, and ac ces sory tour ma line and zir con, are oc -
ca sion ally pres ent.

The rocks are de formed and cut by a net work of mi cro- and
mesofissures. They are filled with min eral and bi tu men in dif fer -
ent mu tual pro por tions. Field and mi cro scope ob ser va tions and 
pub lished stud ies (e.g., Jankowski and Jarmo³owicz-Szulc,
2004, 2009; Jarmo³owicz-Szulc, 2009; Jarmo³owicz-Szulc et
al., 2012) show that at least two types of cal cite, quartz and bi tu -
men (hy dro car bons) fill the fis sures and druses within the rocks. 
Nar row fis sure as so ci a tions, of ten par al lel, within only a few ex -
po sures are com monly filled with realgar. In the field, oc ca -

sional traces of oil may be seen on the sur face of cav erns, out -
side the sam pling points.

Crys tals of realgar were an a lyzed in thin and spe cial thick
sec tions. These sam ples con tain lay ered rocks cut with white
veins with red realgar ac cu mu la tions. The rocks have bright and 
dark parts. The dark rock dis plays a clayey and iron-rich char -
ac ter, while the bright rock con tains quartz, car bon ates and
much glauconite.

The min er als were stud ied by means of SEM (Fig. 4). Their
chem i cal con tent is given in Ta ble 2.
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Fig. 4. SEM im ages

 A, B – co-oc cur rence of quartz (Qz), realgar (Rlg) and goyazite in sam ple PK 4; C – realgar (Rlg), kaolinite (Kln), quartz (Qz) and goyazite in
sam ple PK 3.1; D – realgar and quartz fill ing a veinlet in a car bon ate rock; E, F – minerals rec og nized in a cal car e ous rock in sam ple PK 4

https://doi.org/10.1016/j.marpetgeo.2011.11.010
https://doi.org/10.1016/j.marpetgeo.2011.11.010


The anal y ses show that the dark ac cu mu la tions cor re spond 
to clay min er als with py rite and micas. No bi tu men has been ob -
served. Elon gate, opaque veinlets are filled with sid er ite.
Biogenic frag ments within the quartz and an ker ite (as rhom bo -
he dra) are pyritized and con tain traces of TiO2, mus co vite and
feld spars. The py rite is nod u lar. Ro settes of kaolinite are com -
mon in as so ci a tion with the realgar.

The realgar has a pure ar senic com po si tion. White small
crys tal ac cu mu la tions within the realgar and in as so ci a tion with
quartz and kaolinite have the com po si tion of stron tium phos -
phate: goyazite (Fig. 4A, C).

Re sults of the XRD de ter mi na tions are shown in Ta ble 3.
The main min er als de ter mined in the rocks an a lyzed were

quartz, an ker ite, kaolinite, py rite/marcasite, mus co vite and cal -
cite/do lo mite. The realgar in sam ple PK8 is ac com pa nied by
quartz, an ker ite, kaolinite and mus co vite, less fre quently by sid -
er ite, nacrite, plagioclase and py rite/marcasite, dickite and car -
bon ates (cal cite, do lo mite).

Some rock sam ples from the BS and the Jab³onki mélange
zone were stud ied by means of Raman spec tros copy. Dark ac -
cu mu la tions in the mélange zone con tain or ganic mat ter (OM)
that oc curs in form of com pact ac cu mu la tions of ~50 µm thick at 
the bound aries of the cal cite and quartz grains and as fine
intregrowths in the crys tals. The Raman spec tra both for OM
and for cal cite and quartz are very ho mo ge neous and sim i lar.
The tem per a ture cal cu lated for them us ing the method of
Kouketsu et al. (2014) is ~175°C (Tobo³a and Jarmo³owicz-
 Szulc, 2023).

In a sam ple from the Drobny Quarry (DR3), quartz with fluid
in clu sions and ev i dent quartz peaks was seen (Fig. 5A). The
Raman anal y sis failed here to prove gas in these in clu sions.
The OM is weak, coalified and not suit able for tem per a ture cal -
cu la tions (Fig. 5B). Py rite is oc ca sion ally pres ent, as shown by
peaks in the Fig ure 5C.

In a sand stone sam ple from the BS, dif fer ent min er als ap -
pear in the Raman spec tra (PK4). Brown ish-red ag gre gates
that at the first glance ap pear to be realgar con sist of cin na bar,
he ma tite, lepidocrockite and py rite (Tobo³a and Jarmo -
³owicz-Szulc, 2023). Larger red cin na bar crys tals (up to
~20 µm) ap pear less fre quently, but may be also no ticed at mi -
cro scopic scale. Dif fer ent Raman spec tra of OM in form of ag -
gre gates and interlayers in the dolomitic sand stone were ob -
served. Some dis play ‘washed out’ GL and D3 peaks with out a
clear D1 peak, which means a weak coalification. The spec tra
for the most coalified OM are shown in Fig ure 5D. The cal cu la -
tions point to a mean tem per a ture of coalification of ~148.8°C
(Ta ble 4). The dis tri bu tion of the Raman spec tra sug gests that
dif fer ent hy dro car bons mi grated into the area. They dis play a
var ied coalification de gree and most prob a bly they orig i nate
from dif fer ent sources. One mea sure ment in an other sam ple
(PK10) from the Bystre slice showed cal cite (or per haps
rhodochrosite or ar agon ite).

Fluid in clu sions are pres ent in dif fer ent min er als (Figs. 6
and 7). In the realgar crys tals they have been dis tin guished for
the first time in the area. FIs in the realgar dis play pseudo-sec -
ond ary and sec ond ary char ac ter. They form two or even three
dis tinct fluid in clu sion as sem blages (FIAs), as seen in pho to mi -
cro graphs (Fig. 6). Most in clu sions are monophase, slightly
elon gated and dis play the char ac ter is tic shape of libellae
(Fig. 6A). One group con tains small dark in clu sions ar ranged
on a dis tinct plane (pseudo-sec ond ary?).The sec ond is formed
by lin early ar ranged bright in clu sions. The third group is formed
by large, stretched in clu sions. The di ag no sis of these in clu sions 
is dif fi cult due to their small sizes and the in tense red col our of
realgar (Fig. 6E, F). Flu o res cence of in clu sions in the realgar
was not ob served. Microthermometric anal y ses were also dif fi -
cult due to the size of the in clu sions, the red col our of the min -
eral it self and dark col our of the in clu sion infill. How ever, some
monophase libellae in the realgar from the Rabe re gion formed
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Sam ple 
Ox ides/

sulphides

Con tent

[wt.%]
Ions Re marks

PK-4 

Pkt. 1-2

Dark part

CO2

MgO

CaO

MnO

FeO

O

44.63

10.20

29.73

 3.36

12.05

2.01

0.50

1.09

0.38

0.33

6.00

An ker ite

Na2O

MgO

Al2O3

SiO2

K2O

TiO2

MnO

FeO

O

0.94

0.20

35.97

47.13

9.60

0.75 

0.08

0.88

0.26

0.04

6.09

6.77

1.76

0.08

0.01

0.11

12.00

Mus co vite

CO2

MgO

CaO

MnO

FeO

O

41.30

 8.60

 2.80

 1.57

46.50

2.00

0.46

0.11

0.05

1.38

6.00

Sid er ite 

S

Fe 

52.70

47.02

66.12

33.88
Py rite 

Al2O3

P2O5

CaO

SrO

BaO

31.60

30.85

0.00

22.20

0.96

1.11

0.78

0.00

0.38

0.01

Goyazite

Rabe PK-10 

Na2O

MgO

Al2O3

SiO2

K2O

CaO

TiO2

FeO

O

0.33

1.50

18.31

45.27 

3.23

1.22

0.33

8.80

0.11

0.39

3.79

6.77

0.72

0.23

0.04

1.29

24.00

Fe , K Alum-
sil i cate 

CO2

MgO

CaO

MnO

FeO

O

43.81

 0.23

55.89

 0.01

 0.57

1.99

0.01

1.99

0.00

0.02

6.00

Cal cite, 
co lum nar

form

CO2

MgO

CaO

MnO

FeO

O

44.15

 0.45

54.99

 0.03

 0.61

2.00

0.02

1.96

0.00

0.02

6.00

Vein 
cal cite 

CO2

MgO

CaO

FeO

O

43.98

 0.44

54.79

 0.70

 

2.00

0.02

1.96

0.02

6.00

Co lum nar 
cal cite  

PK /10
S 

As 

30.25   

69.92

50.27

49.73
Realgar 

T a  b l e  2

Chem i cal com po si tion of min er als based on SEM anal y ses

https://doi.org/10.7306/2023.21
https://doi.org/10.7306/2023.21
https://doi.org/10.7306/2023.21


a con trac tion bub ble dur ing freez ing that gave a chance of ho -
mog e ni za tion dur ing sub se quent heat ing. The microthermo -
metric re sults for this realgar are: ho mog e ni za tion tem per a ture
Th = +66.1°C, ice melt ing tem per a ture Tm = –3.5°C.

Fluid in clu sions are also pres ent in other min er als as shown 
in Fig ure 7: goyazite, quartz and car bon ates. Those in goyazite, 
al though very small, re vealed some ho mog e ni za tion at
>150°C.

Based on tem per a ture re sults ob tained from dif fer ent min -
er als, a se quence of min eral crys tal li za tion in the BS may be
pro posed (Fig. 8).

This fig ure does not take into ac count the cin na bar in di -
cated by the Raman spec tra anal y sis. There are still no tem per -
a ture data for this min eral to put it into the ge netic se quence.
The cin na bar may be, how ever, ge net i cally re lated to the flu ids
re spon si ble for the realgar for ma tion.

DISCUSSION

Re cent map ping of the ge ol ogy of the BS, where the min er -
als un der dis cus sion oc cur, rec og nized also a mélange zone.
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Sam ple Lo cal ity Min er als [wt.%]

pK2 D Rabe quartz (66.5), an ker ite (13.9), kaolinite (5.4), py rite/marcasite (4.6), mus co vite (2.5), sid er ite (1.1), 
do lo mite (0.5), cal cite (0.3)

PK7 Rabe quartz (66.8), cal cite(17), an ker ite (6) , mus co vite (1.2) 

PK8 Rabe quartz (54.7), an ker ite (7.9), kaolinite (6.1), mus co vite (4.5), plagioclase (1.3), sid er ite (2.3), 
py rite/marcasite (1.2) , nacrite (2.3), dickite (1.6) , cal cite (1) , do lo mite (1)

RaP V Rabe quartz (77.4), mus co vite 2M1 (5.9), mus co vite 1M (3.7), kaolinite (2.6), ana tase (0.3)

GRU IX Rabe–Gruby 
Quarry quartz (87.6), kaolinite (3.7), mus co vite (3.2), goethite (2.9), cal cite (0.2)

Ja 2-2021 Jab³onki quartz (38.7), mus co vite (14.8), cal cite (19.8), plagioclase (9.2), do lo mite (5.6), an ker ite (3.5), 
py rite/marcasite (0.3) 

T a  b l e  3

Re sults of XRD anal y ses (anal y ses per formed by Szczerba and Ciesielczuk, 2022, ar chi val ma te ri als)

Fig. 5. Raman spec tra and sam ple im ages

A – quartz with fluid in clu sions, sam ple DR3.3, the Drobny Quarry, im age in re flected light, Raman spec trum with ev i dent quartz (Q) peaks; B
– an im age and Raman spec tra of the or ganic mat ter, sam ple DR3, the Drobny Quarry, im age in re flected light, peaks in the in ter val
1000–2000 cm–1 in di cate a low ma tu rity of the OM; C – py rite im age and its Raman spec trum; D – con sis tent Raman spec trum of low ma tu rity
OM (sam ple PK 10)



The new est geo log i cal map is based on the ear lier maps of
Œl¹czka (1958) and the re sults of later field work (Malata and
Marciniec, 1997; Jankowski and Œl¹czka, 2000; Malata, 2001;
Jankowski, 2007). Sam pling lo cal i ties are shown on that new est 
map (Fig. 1). Realgar was sam pled at two lo cal i ties, al though
also found at mi cro scopic scale in petrographic wa fers from the
Gruby and Drobny quar ries.

The rocks in the Baligród re gion – sand stones (lithic,
sublithic and subarcosic arenites and lithic wackes), con glom -
er ates and lime stones – cor re spond to those ear lier re ported
(Jarmo³owicz-Szulc, 2001a, 2009, 2016; Leœniak et al., 2009).
Ce ments in the sand stones are rep re sented by quartz and cal -
cite, by a clayey-car bon ate ma trix (with Fe hy drox ides) and by a 
clayey-quartz ce ment. The sand stone grain fab ric com prises
quartz, feld spars (mainly po tas sium feld spars, rare plagio -
clases) and lithic clasts. Glauconite, micas (fre quent mus co vite, 
rare –bi o tite) and heavy min er als in clud ing tour ma line and zir -
con are oc ca sion ally pres ent.

The rocks of the BS con sist of quartz, car bon ates, the
realgar, and clayey-iron and ore ag gre gates. Bi tu men is less
fre quent. Other min er als as do lo mite, anhydrite and py rite are
also pres ent in quartz–car bon ate veinlets. In a paragenesis with 
Marmarosh di a monds and cal cite, ore min er al iza tion is pres ent
at some lo ca tions as e.g., in the Rabe re gion, as de scribed by
Œl¹czka (1958) and Wieser (1982 a, b, 1994, 2001), in clud ing
realgar, orpiment, anti mo nite, cin na bar, metacinnabarite and
na tive mer cury. The pres ent study shows realgar, orpiment,
cin na bar and non-ore goyazite and gyp sum. The quartz-car -
bon ate-bi tu men paragenesis (Jarmo³owicz-Szulc and Jankow -
ski, 2011; Jarmo³owicz-Szulc et al., 2012) is seem ingly re lated
to the tec tonic mélange zones while the ore min er al iza tion is
gen er ally con nected with fis sures and dis lo ca tions. This min er -
al iza tion has an epigenetic char ac ter. Ac cord ing to Rybak
(2000), the epigenetic min er al iza tion is not only re lated to the
dis lo ca tions but also to the fis sures of the trans verse joint as -
sem blage T, less fre quently of the lon gi tu di nal L or di ag o nal D2

joints. We con sider that there is no ba sis to es tab lish such a de -
tailed re la tion ship be tween the ore min er al iza tion and the joints.

The re la tion be tween min er al iza tion and fluid cir cu la tion in
the BS is com pli cated. First of all, the co-oc cur rence of quartz –
cal cite – bi tu men must be con cerned, with re spect to the pres -
ence of realgar (Jarmo³owicz-Szulc and Jankowski, 2021).
Sev eral gen er a tions of quartz and cal cite are pres ent, and also
dif fer ent types of bi tu men. As shown above, the se quence of
the fill ing of voids (“pock ets” with min er al iza tion and bi tu men)
might have been as fol lows: fine crys tal line quartz I – cal cite I –
hy dro car bons (oil) (Dudok and Jarmo³owicz-Szulc, 2000; Jar -
mo ³owicz-Szulc and Dudok, 2005). A fur ther se quence might
be: cal cite II – hy dro car bon fluid in clu sions (HCFI 1) – quartz II.
The Marmarosh di a monds rep re sent the youn gest quartz gen -
er a tion. The realgar it self is later than the MD; it con tains no flu -
o res cent hy dro car bons. It co-oc curs with kaolinite, goyazyte,
py rite and cin na bar. The or ganic mat ter is pres ent in dif fer ent
as so ci a tions with cal cite, quartz and py rite in the mélange
zones (Jarmo³owicz-Szulc et al., 2023). A di rect re la tion be -
tween OM and the realgar has not be no ticed.

Field ob ser va tions and XRD and SEM anal y ses show that
the red realgar is ac com pa nied by quartz and car bon ates. It oc -
curs as lay ers, lenses and/or im preg na tions. The rocks con tain
quartz, an ker ite/cal cite, kaolinite, illite/smectite and py rite/mar -
casite. In the rocks with dis tinct amounts of the realgar, abun -
dant glauconite is ob served, this not yet be ing ex plained. The
quartz that oc curs with the realgar in the same site has the char -
ac ter of “Marmarosh di a monds”, with hy dro car bons trapped as
in clu sions. That is es pe cially char ac ter is tic for the lo cal ity on the 
scarp in Rabe close to min eral wa ter pump. Pure realgar oc curs 
there as a dis tinct layer 1–2 cm thick at the top of the scarp.
Quartz is there, too, mostly loose at the scarp base, i.e. not in
the same layer.

The realgar in the Bystre Slice sand stones is a pure ar senic
sul phide dis play ing the com po si tion As 68.76–70.03 wt.% and
S 29.93–30.33 wt.% (sum 100.06 wt.%). This min eral was sim i -
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Num ber
Half width of peaks (FWHH) Tem per a ture

[°C]D4 (1250) D1 (1350) D3 (1500) GL (1600)

PK4_03x10 113.63 143.50 217.84 49.17 169.47

PK4_05x10 147.33 142.60 237.61 54.25 171.40

PK4_06x10 116.61 142.36 239.38 52.99 171.94

PK4_09x10 129.10 145.66 247.76 52.62 164.84

PK4_11x10   98.02 157.44 221.97 50.99 139.50

PK4_12x10 118.60 151.61 182.18 52.56 152.04

PK4_13x10 120.91 147.09 167.66 51.70 161.75

PK4_14x10 135.06 153.89 200.99 55.09 147.13

PK4_18x10 114.22 155.28 148.18 57.76 144.14

PK4_20x10 120.26 162.34 136.55 54.73 128.98

PK4_22x10 115.83 159.49 139.31 57.16 135.09

PK4_23x10 119.88 173.36 132.23 57.75 105.28

PK4_24x10 114.14 155.91 140.46 57.40 142.79

Min.   98.02 142.36 132.23 49.17 105.28

Max. 147.33 173.36 247.76 57.76 171.94

Me dium 120.28 153.12 185.55 54.17 148.8  

Stan dard de vi a tion  11.83     9.04 44  2.8   19.43

Dif fer en ti a tion co ef fi cient    9.83     5.9   23.71   5.17   13.06

T a  b l e  4

Val ues of pa ram e ters of ba sic peaks for OM and coalification tem per a tures cal cu lated fol low ing
Kouketsu et al. (2014) sam ple PK4.1.

https://gq.pgi.gov.pl/article/view/8106
https://gq.pgi.gov.pl/article/view/7892
https://doi.org/10.3390/min11111171
https://doi.org/10.1016/j.marpetgeo.2011.11.010
https://doi.org/10.7306/2023.13
https://gq.pgi.gov.pl/article/view/19234
https://gq.pgi.gov.pl/article/view/19234
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Fig. 6. Realgar from the Bystre Slice

A–D – fluid in clu sion as sem blages in realgar in dif fer ent sam ples; three as sem blages marked: FIA 1 (sam ple PK-11), FIA2 (sam ple PK),
FIA 3 (sam ple PK 3.1); E, F – fluid in clu sions in realgar and as so ci ated quartz in the sam ple GRU-IX from the Gruby Quarry
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Fig. 7. Fluid in clu sions in various min er als

A – realgar, sam ple PK-1, trans par ent light; B – FI-con tain ing goyazite in a realgar crys tal; C, D – quartz, realgar and fluid in clu sions in
sam ple DBX 3, trans mit ted light; E, F – fluid in clu sions in cal cite, sam ple PK-10, transmitted light



larly char ac ter ized by other au thors (Ostrowicki, 1958; Œl¹czka, 
1958; Kita-Badak, 1971). Ac cord ing to Kamiñski (1937) the
chem i cal com po si tion of this realgar is al most iden ti cal: As
69.90 wt.% and S 30.13 wt.% (sum 100.033 wt.%), while the
den sity of the realgar from Baligród is 3.56 g/cm3. Ac cord ing to
Ostrowicki (1958) the spec tral anal y sis of this realgar showed
traces of Sb.

Gawe³ (1970) stud ied the geo chem i cal re la tion ship and ac -
cu mu la tion trends of Cu and As. Ac cord ing to his ob ser va tions,
the ar senic is con nected with py rite concrections in grey -
ish-green claystones at top of the Cretaceous spot ted schists.
The con tent of ar senic shows an in creas ing ten dency from the
Monasterec re gion to the Baligród vi cin ity (in the pres ent re -
search) in con trast to the Cu/As ra tio (Ta ble 5). We tried to find
out the re la tion ship be tween As and Cu. Al though cop per oc -
cur rences are men tioned in some pa pers on min er al iza tion in

the Carpathians (Gawe³, 1970; Nieæ et al., 2016), we did not
sam ple any cop per min er al iza tion.

Ac cord ing to Gawe³ (1970), the cop per dis tri bu tion is in -
verse to that of ar senic in the py rite. Py rite is abun dant in the
Rabe–Jab³onki area, but was not geochemically stud ied in the
pres ent re search. New mi cro scopic ob ser va tions from the
Gruby Quarry show the co-oc cur rence of a red ar senic min eral
– realgar – and (most prob a bly) black opaque py rite (Fig. 6E, F).

An other type of the ore min eral has been pres ently iden ti fied.
Mer cury sul phide (cin na bar) was iden ti fied in the Raman

spec tra, in a red min eral orig i nally thought to be realgar (Tobo³a
and Jarmo³owicz-Szulc, 2023). That means that mer cury co-oc -
curs with ar senic in the study area.

The car bon ates are white or yel low with a granoblastic and
crustification tex ture. Pure car bon ate veins co-oc cur with
veinlets of yel low cal cite, in the mid dle of which quartz crys tals
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Fig. 8. Se quence of min eral crys tal li za tion in the BS based on ho mog e ni za tion
tem per a tures

https://gq.pgi.gov.pl/article/view/13182
https://doi.org/10.5604/01.30001.0009.4584
https://gq.pgi.gov.pl/article/view/19235
https://gq.pgi.gov.pl/article/view/19235
https://gq.pgi.gov.pl/article/view/19234
https://gq.pgi.gov.pl/article/view/19234
https://doi.org/10.7306/2023.21


ac cu mu late. That sug gests cal cite for ma tion ear lier than the
quartz. Cal cite is a pri mary min eral here, fill ing veins and/or
form ing im preg na tions. Large crys tals of this min eral form
rhom bo he dra (cal cite I), while other forms are seen in the cen -
tral parts of the veins (scalenohedra, cal cite II). Crys tal size var -
ies up to ~20 mm. In the Silesian zone, the cal cite is oc ca sion -
ally cov ered by a thin film of bi tu men, and chem i cally has vary -
ing man ga nese con cen tra tions.

As ob served in the neigh bour hood of the realgar, the cal cite
habit is lo cally very char ac ter is tic. It not only fills veinlets but
also dis plays a char ac ter of a ‘ropy cal cite’ man i fested as a “co -
lum nar” habit. These crys tals are very dis tinct, and of ten seen
to gether with the realgar and py rite.

The or ganic mat ter fills spaces be tween the cal cite crys tals,
forms ‘im preg na tions’ and, in the cen tral parts of the veins,
forms rims around the quartz crys tals. Ear lier stud ies showed a
high hy dro gen in dex in re la tion to the (H/C) at ra tio (Dudok et al.,
2002). The Ro val ues are be tween 0.5% and 1.35%, close to
the de ter mi na tions of Matyasik (1994), the av er age of which is
1.24%, that cor re sponds to a tem per a ture of ~168°C
(Jarmo³owicz-Szulc et al., 2023).

Kaolinite and bar ite inter growths are of ten ob served in the
re gion stud ied. Our ob ser va tions show that these inter growths
can be ob served both in the macroscale and microscale.
Wilczyñska-Michalik and Michalik (2000) re lated the pres ence
of kaolinite and bar ite to the as so ci a tion with quartz, realgar and 
orpiment in the flysch Carpathians sand stones in the Rabe
Stream in the Baligród re gion, but did not spec ify which beds
they found them in. Gen er ally these au thors con sid ered that the 
non-ore min er als post-date the tec tonic move ments. Bar ite and
kaolinite crys tal lized si mul ta neously. Nei ther tem per a tures of
crys tal li za tion of these min er als, nor of oth ers, have been de ter -
mined in the Rabe Stream ma te rial. Based on the quartz-
 realgar re la tion ship Wilczyñska-Michalik and Michalik (2000)
sug gested that crys tal li za tion of realgar post-dated that of
quartz, and we agree with this sug ges tion, as it is con sis tent
with mi cro scopic ev i dence. The realgar from two sites in the BS
con tains fluid in clu sions, seem ingly monophase and dark,
some dis play ing a libellae form (see Fig. 6). Microthermometric
anal y ses of these in clu sions yielded a tem per a ture of ho mog e -
ni za tion for the realgar of Th = 66.1°C, close to the sug ges tions
of Goldstein and Reynolds (1994) on the for ma tion of mono -
phase in clu sions in min er als in sed i men tary rocks at low tem -
per a tures (50–60°C). This value also cor re sponds to the re sults 
ob tained for ar senic sul phide from realgar-bear ing veins in Tur -
key (50–120°C; Kuºçu, 1995). The dif fer ence, how ever, is that
the realgar in Tur key is ev i dently as so ci ated with cal cite while
that in the rocks in the BS co-oc curs with quartz. The sa lin ity of
the fluid is low – ~7 wt.% NaCl eq.

Apart from the realgar and cin na bar in the BS, the pres ence
of an other min eral, goyazite, is no ta ble, as this has not pre vi -
ously been found in the Carpathians (Gucwa and Pelczar,
1986).

Lat est SEM anal y ses have shown the ex is tence of stron tium
and phos pho rus in tiny, white crys tals within the realgar ac cu mu -
la tions. The for mula of goyazite is SrAL3(PO4)(PO3OH)(OH)6

(Jarmo³owicz-Szulc et al., 2023). It forms in clu sions in the realgar 
crys tals (Figs. 4 and 7B), and co-oc curs with kaolinite.
Microthermometric ev i dence shows that the for ma tion tem per a -
ture of goyazite could have been rather high (>150°C), while the
aque ous fluid sa lin ity is low (~7 wt.% NaCl eq.). It seems that the
goyazite crys tal lized ear lier than the realgar, so its small crys tals
form sta ble in clu sions within the realgar crys tals.

The goyazite has been de scribed by var i ous au thors and
from dif fer ent lo cal i ties. Many stud ies were per formed in the
Athabasca Ba sin, Sas katch e wan, Can ada. They showed there
the pres ence of a Th-rich aluminophosphate which be longs to
the solid so lu tion se ries of the crandallite group, in clud ing
crandallite and goyazite. Ac cord ing to Mwenifumbo et al. (2004) 
the de vel op ment of the diagenetic and al ter ation min er als there
is be lieved to be as so ci ated with hy dro ther mal al ter ation which
op er ated dur ing the for ma tion of ura nium de pos its in the
Athabasca Ba sin.

Hoshino et al. (2016) con sidered that the ura nium de pos its
in this ba sin in clude REE pros pects char ac ter ized by the pres -
ence of xeno time with goyazite, he ma tite and clay min er als dis -
sem i nated in sand stone.

In gen eral, the crandallite group min er als form in highly
acidic en vi ron ments and are as so ci ated with clay min er als such 
as illite.

Ac cord ing to Zhang et al. (2012), ap a tite and crandallite
group min er als of ten in di cate vol ca nic in put, some times be ing
found in tonsteins within coal seams (e.g., Kokowska- Paw -
³owska and Nowak, 2013).

As re gards the or i gin of the min er als pres ently an a lyzed in
the area of the BS, Wieser (1994), in his re con struc tion of the
de vel op ment of the Carpathians, showed that Mio cene lavas in
the south are grad u ally sub sti tuted by more acidic Plio cene
lavas. Flu ids which con tained mer cury, ar senic, an ti mony, cop -
per and so on mi grated into the Pol ish flysch Carpathians (e.g.,
in the Krynica, Mêciny and Baligród ar eas), ex plain ing the pres -
ence of these el e ments in the BS area. Kuchariè et al. (2013)
showed that a mag netic anom aly is pres ent in NE Slovakia in
the West ern Carpathians. It lies south of Dukla in Po land where
the Racza, Dukla and Silesian units out crop (WoŸnicki and
Šucha in: Poprawa and Nemèok, 1988–1989). This anom aly is
in ter preted to re flect a sub-sur face subvolcanic body that deep -
ens to wards the NE, the top of this body be ing in ferred at a
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Lo cal ity Cu [ppm] As [ppm]
Atomic con tent

Cu

Atomic con tent

As 

Cu/As

Ra tio

Bezmiechowa
near Monasterec   85   90 1.33 1.3 1.10

Bystre near
Baligród 105 170 2.59 2.26 1.14

Jab³onka near
Baligród   93 195 1.40 2.60 0.57

Rabe 105 260 12.65 3.47 0.47 

T a  b l e  5

Re la tion ship be tween Cu and As con cen tra tions in the east ern part of the Pol ish
Carpathians (af ter Gawe³, 1970)
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depth of ~1 km. The Zboj-1 bore hole lies close to this anom aly.
The flu ids there dis play a var ied com po si tion and a tem per a ture 
range of 130–220°C for in clu sions in quartz (Kuchariè et al.,
2013). That in ter val is con cor dant with the tem per a tures ob -
tained from re-cal cu la tion of vitrinite reflectance val ues
(128–178°C). The com po si tion of these flu ids as well as the
tem per a tures are anal o gous to the pres ent re sults from the BS
and those from the wider area of the Outer Carpathians ac cord -
ing to Jarmo³owicz-Szulc and Jankowski (2011) and Jarmo -
³owicz- Szulc et al. (2012). This sub-sur face subvolcanic body
may be a source of dif fer ent el e ments con trib ut ing to min er al -
iza tion in the study area (in clud ing realgar and goyazite) and
may be re spon si ble for the warm, min er al ized wa ters pres ent in
this re gion (Paczyñski and Sadurski, 2007). As-rich wa ters may 
re sult from hy dro ther mal leach ing of this el e ment from min eral
ac cu mu la tions in the subsurface.

This hy poth e sis is sup ported by anal ogy to ore ac cu mu la -
tions re ported else where (e.g., Schneiderhöhn, 1962; Urabe
and Ayoki, 1992; Kuºçu, 1995; Mwenifumbo et al., 2004; Zhang 
et al., 2012), as well as ex actly from the Bystre re gion (Nieæ,
2010; Radwanek-B¹k et al., 2015; Nieæ et al., 2016).

CONCLUSIONS

Min er al iza tion ob served in the BS has ei ther a pri mary (py -
rite, marcasite, ga lena) or epigenetic (realgar, orpiment, cin na -
bar) char ac ter.

Realgar in the BS was found in the Lgota Beds (Lower-Up -
per Cre ta ceous), the Istebna Beds (Up per Cre ta ceous-Paleo -
cene) and the Menilite Beds (Oligocene). It oc curs as veins,
lenses and/or im preg na tions in tec tonic de for ma tion zones and
tec tonic brec cias.

The realgar is a pure ar senic sul phide com posed of As
68.76–70.03 wt.% and S 29.93–30.33 wt.%. It in cludes up to 3

as sem blages of monophase fluid in clu sions and may have
formed at low tem per a ture (e.g., Th = 66.1°C).

Val ues of tem per a tures for the or ganic mat ter ob tained by
the Raman method are rel a tively high, reach ing 175°C. That
sug gests high tem per a tures in the BS in the Rabe-Jab³onki
Stream area for the or i gin of the quartz-cal cite-bi tu men as so ci -
a tion there.

Our re search has pro vided new data for min er als al ready
known in the area (realgar, orpiment and cin na bar) and dis cov -
ered goyazite, pre vi ously un des cribed from the BS area. Flu o -
res cence of in clu sions has not been ob served in the realgar and
the goyazite, sug gest ing that no liq uid hy dro car bons have been
trapped in these min er als. The lack of flu o res cence and
monophase (?) in clu sions in realgar does not ex clude the pres -
ence of meth ane, al though not con firmed by microthermo metry.

This min er al iza tion is prob a bly the re sult of mi gra tion of
low-tem per a ture hy dro ther mal so lu tions, prob a bly re lated to the 
or i gin of an in ferred sub-vol ca nic body in NE Slovakia, in the vi -
cin ity of the Zboj-1 bore hole. These vol ca nic pro cesses likely
took place in the Mio cene, co evally with the tec tonic de for ma -
tion of the study area. This is con sis tent with the oc cur rence of
the high est realgar con cen tra tions in post-diagenetic tec tonic
frac tures and brec cias. In this con text, fu ture re search might be
ex tended into the Fore-Dukla zone, and the Dukla and Silesian
Nappes.

Ac knowl edge ments. The au thors are in debted to
L. Balicki for the sug ges tions of realgar sam pling points. L. Giro
is ac knowl edged for SEM anal y ses. Cor dial thanks are ad -
dressed to M. Szczerba and J. Ciesielczuk for XRD anal y ses.
Thanks are also di rected to T. Tobo³a for his co-op er a tion with
Raman spec tra anal y ses. T. Peryt and T. Bajda are thanked for
ed it ing and re view ing. Two anon y mous re view ers are ac knowl -
edged and thanked for their re views and sug ges tions.

REFERENCES

Bakker, R.J., 2003. Pack age FLUIDS 1. Com puter pro grams for
anal y sis of fluid in clu sion data and for mod el ing bulk fluid prop -
er ties. Chem i cal Ge ol ogy, 194: 3–23;
https://doi.org/10.106/S0009-254(02)00268-1

Bu³a, Z., Habryn, R., (eds.), 2008. Geo log i cal-struc tural At las of the 
Palaeozoic Base ment of the Outer Carpathians and Carpathian
Foredeep. Pañstwowy Instytut Geologiczny, Warszawa.

Brown, P.E., 1989. FLINCOR: A Mi cro com puter Pro gram for the
Re duc tion and In ves ti ga tion of Fluid In clu sion Data. Amer i can
Min er al o gist, 74: 1390–1393.

Csontos, L., Nagymarosy, A., Horvath, F., Kovaè, M., 1992. Ter -
tiary evo lu tion of the Intra-Carpathian area: a model. Tecto -
nophysics, 208: 221–241;
https://doi.org/10.1016/0040-1951(92)90346-8

Dudok, I.V., Jarmo³owicz-Szulc, K., 2000. Hy dro car bon in clu sions 
in vein quartz (the ”Marmarosh di a monds”) from the Krosno and
Dukla zones of the Ukrai nian Carpathians. Geo log i cal Quar -
terly, 44 (4): 415–423.

Dudok, I.V., Kotarba, M., Jarmo³owicz-Szulc, K., 2002. Em ploy -
ment of the pyrolitic meth ods in geo chem i cal stud ies of or ganic
mat ter of vein for ma tions. Geologiya i Geokhimiya Gotyuchyk
Kopalin, 1: 76–87.

D¿u³yñski, S., Ksi¹¿kiewicz, M., Kuenen, P.H., 1959. Turbidites in
flysch of the Pol ish Carpathian Moun tains. GSA Bul le tin, 70:
1089–1118;

https://doi.org/10.1130/0016-7606(1959)70[1089:TIFOTP]2.0.
CO;2

Gawe³, A., 1970. Or i gin of realgar in the flysch de pos its of en vi rons
of Baligród. Mineralogia Polonica, 1: 7–16.

Goldstein, R., Reynolds, T.J., 1994. Sys tem at ics of fluid in clu sions
in diagenetic min er als. SEPM Short Course, 31.

Goldstein, R., An der son, S.A., Mar shall, D., 2003. Petrographic
anal y sis of fluid in clu sions. SEPM Short Course, 32: 9–53.

Gruszczyk, H., 1958. Przejawy mineralizacji miedzi¹ w utworach
fliszu karpackiego (in Pol ish). Przegl¹d Geologiczny, 6: 178–179.

Gucwa, I., Pelczar, A., 1986. Minera³y polskich Karpat (in Pol ish).
Wyd. Geol., Warszawa.

Hoshino, M., Sanematsu, K., Watanabe, Y., 2016. REE min er als
and re sources. Hand book on the Phys ics and Chem is try of the
Earth, 49: 129–291;
https://doi.org/10.1016/bs.hpcre.2016.03.006

Hurai, V., Kihle, J., Kotulova, J., Marko, F., Œwierczewska, A.,
2002. Or i gin of meth ane in quartz crys tals from the Ter tiary
accretionary wedge and fore-arc ba sin of the West ern
Carpathians. Ap plied Geo chem is try, 17: 1259–1271;
https://doi.org/10.1016/S0883-2927(01)00128-7

Jankowski, L., 2001. Szczegó³owa mapa geologiczna Polski
1:50 000 ark. £upków (1064) (in Pol ish). Pañstwowy Instytut
Geologiczny, Warszawa.

14 Katarzyna Jarmo³owicz-Szulc et al. / Geo log i cal Quar terly, 68: 11

https://doi.org/10.106/S0009-254(02)00268-1
https://doi.org/10.1016/0040-1951(92)90346-8
https://gq.pgi.gov.pl/article/view/8106
https://doi.org/10.1016/bs.hpcre.2016.03.006
https://doi.org/10.1130/0016-7606(1959)70[1089:TIFOTP]2.0.CO;2
https://doi.org/10.1016/S0883-2927(01)00128-7
https://doi.org/10.1016/j.marpetgeo.2011.11.010
https://gq.pgi.gov.pl/article/view/7790
https://doi.org/10.1016/j.jappgeo.2003.06.008
https://doi.org/10.5604/01.30001.0009.4584
https://doi.org/10.1016/j.adwaters,2012.05.014
https://doi.org/10.1016/j.adwaters,2012.05.014


Jankowski, L., 2007. Cha otic complexes in Gorlice re gion (Outer
Polsh Carpathians) (in Pol ish with Eng lish sum mary). Biuletyn
Pañstwowego Instytutu Geologicznego, 426: 27–52. 

Jankowski, L., 2015a. New in sight to the geo log i cal struc ture of the
Carpathians – a dis cus sion (in Pol ish with Eng lish sum mary).
Prace Naukowe Instytutu Nafty i Gazu, 202.

Jankowski, L., 2015b. Szczegó³owa mapa geologiczna Polski
1:50 000 ark. £upków (in Pol ish). Pañstwowy Instytut Geologi -
czny, Warszawa.

Jankowski, L., Jarmo³owicz-Szulc, K., 2004. Wstêpna
charakterystyka mineralogiczna melan¿y tektonicznych w Bie -
szcza dach (in Pol ish). LXXV Zjazd Naukowy PTG, Materia³y
Konferencyjne, Jas³o, Kraków: 19–25.

Jankowski, L., Jarmo³owicz-Szulc, K., 2009. Par tic u lar tec tonic
zones (the mélange zones) as po ten tial and sig nif i cant paths for
fluid mi gra tion and min eral for ma tion. Min er al og i cal Re view, 59:
42–55.

Jankowski, L., Probulski, J., 2011. Tec tonic and basinal evo lu tion
of the Outer Carpathians based on ex am ple of geo log i cal struc -
ture of the Grabownica, Strachocina and £odyna hy dro car bon
de pos its. Geologia, 37: 555–583.

Jankowski, L., Œl¹czka, A., 2000. Szczegó³owa mapa geologiczna
Polski w skali 1:50 000, ark. 1065 Jab³onki (in Pol ish). Pañstw -
owy Instytut Geologiczny, Warszawa.

Jarmo³owicz-Szulc, K., 2000. Mineralogiczne i geochemiczne
warunki tworzenia „diamentów marmaroskich” – na podstawie
badañ inkluzji fluidalnych w minera³ach ¿y³owych Karpat zew -
nêtrznych (in Pol ish). Nr inw. 2351/2000. Narodowe Archiwum
Geologiczne PIG-PIB, Warszawa.

Jarmo³owicz-Szulc, K., 2001a. Char ac ter of vein fill ings in SE part
of the Pol ish Carpathians (in Pol ish with Eng lish sum mary).
Przegl¹d Geologiczny, 49: 785–792.

Jarmo³owicz-Szulc, K., 2001b. Fluid in clu sion stud ies in the quartz 
ce ments of the Mid dle Cam brian sand stones in the £eba Block
in the Bal tic Sea – diagenetic, iso to pic and geo chem i cal im pli ca -
tions (in Pol ish with Eng lish sum mary). Biuletyn Pañstwowego
Instytutu Geologicznego, 399: 1–90.

Jarmo³owicz-Szulc, K., 2009. Re cent con tri bu tion to min er al og i cal
and geo chem i cal stud ies. Min er al og i cal Re view, 59: 31–44.

Jarmo³owicz-Szulc, K., 2016. Flu ids ex pelled tec toni cally and their 
role in hy dro car bon mi gra tion. Jour nal of Pe tro leum & En vi ron -
men tal Bio tech nol ogy, 7: 20.

Jarmo³owicz-Szulc, K., Dudok, I.V., 2001. Minera³y ¿y³owe
polskich i ukraiñskich Karpat fliszowych (in Pol ish). Przegl¹d
Geologiczny, 49: 341–342.

Jarmo³owicz-Szulc, K., Dudok, I.V., 2005. Mi gra tion of
palaeofluids in the con tact zone be tween the Dukla and Silesian
units, West ern Carpathians – ev i dence from fluid in clu sions and
sta ble iso topes in quartz and cal cite. Geo log i cal Quar terly, 49
(3): 291–304.

Jarmo³owicz-Szulc, K., Jankowski, L., 2011. Geo chem i cal anal y -
sis and ge netic cor re la tions of bi tu men and black schists-type
rocks in the tec tonic units of the Outer Carpathians in SE Po land 
and the ad ja cent area (in Pol ish with Eng lish sum mary). Biuletyn 
Pañstwowego Instytutu Geologicznego, 444: 73–98. 

Jarmo³owicz-Szulc, K., Jankowski, L., 2021. In ter pre ta tion of
min er al iza tion in the West ern Carpathians (Pol ish seg ment) – a
tec tonic mélange ap proach. Min er als, 11: 1171;
https://doi.org/10.3390/min11111171

Jarmo³owicz-Szulc, K., Tobo³a, T., 2021. Microthermometric and
Raman spec tra stud ies in min er als in the Rabe vi cin ity
(Carpathians) – an ex per i men tal prac tice (in Pol ish with Eng lish
sum mary). Przegl¹d Geologiczny, 69: 361–364;
https://doi.org/10.7306/2021.18

Jarmo³owicz-Szulc, K., Karwowski, £., Marynowski, L., 2012.
Fluid cir cu la tion and for ma tion of min er als and bi tu men in the
sed i men tary rocks of the Outer Carpathians – based on stud ies
on the quartz-cal cite-or ganic mat ter as so ci a tion. Ma rine and
Pe tro leum Ge ol ogy, 32: 138–158;
https://doi.org/10.1016/j.marpetgeo.2011.11.010

Jarmo³owicz-Szulc, K., Kleczyñski, P., Koz³owski, A.,
G¹sienica, A., Giro, L., 2023. Min eral ac cu mu la tions in ref er -

ence to the geotectonic pro cesses in the Flysch Carpathians –
new data (in Pol ish with Eng lish sum mary). Przegl¹d Geolo -
giczny, 71: 188–196; https://doi.org/10.7306/2023.13

Jebrak, M., 2012. In no va tions in min eral ex ploi ta tion: targets, meth -
ods and or ga ni za tion since the first glob al iza tion pe riod. Univer -
site de Que bec, Mon treal, Can ada.

Kamieñski, M., 1937. O minera³ach arsenowych z fliszu karpa -
ckiego okolicy Leska (in Pol ish). Archiwum Mineralogiczne
Towarzystwa Naukowego, Warszawa, 13–16: 1–7.

Karwowski, £., Dorda, J., 1986. En vi ron ment of for ma tion of the
Marmarosh di a monds (in Pol ish with Eng lish sum mary). Minera -
logia Polonica, 17: 3–12. 

Kita-Badak, M., 1971. On the oc cur rence of the ar senic min er al iza -
tion in the Baligród vi cin ity (in Pol ish with Eng lish sum mary).
Kwartalnik Geologiczny, 15 (1): 159–160.

Kokowska-Paw³owska, M., Nowak, J., 2013. Phos pho rus min er -
als in tonstein coal seam 405 of Soœnica-Makroszowy coal
mine, Up per Silesia. Acta Geologica Polonica, 63: 271–281.

Kouketsu, Y., Mizukami, T., Mori, H., Endo, S., Aoya M., Hara, H.,
Nakamura, D., Wallis, S., 2014. A new ap proach to de velop the
Raman car bo na ceous ma te rial geothermometer for low-grade
meta mor phism us ing peak width. Is land Arc, 23: 33–55.

Kuchariè, L., Bezák, V., Kubeš, P., Koneèny, V., Vozár, J., 2013.
New mag netic anom a lies of the Outer Carpathians in NE
Slovakia and their re la tion ship to the Carpathian Con duc tiv ity
Zone. Geo log i cal Quar terly, 57 (1): 123–134.

Kuºçu, M., 1995. Geo log i cal char ac ter is tic of Gölbaº (Isparta) epi -
ther mal ar senic min er al iza tion. Geo log i cal Bul le tin of Tur key,
38: 43-52.

Leœniak, G., Jarmo³owicz-Szulc, K., Jankowski, L., 2009. Szcze -
gó³owe badania petrograficzne ska³ z melan¿u tektonicznego w
Jab³onkach (Bieszczady) (in Pol ish). Przegl¹d Geologiczny, 57:
307.

Leszczyñski, S., 1989. Char ac ter is tics and or i gin of fluxoturbidites
from the Carpathian flysch (Cre ta ceous-Paleogene), South Po -
land. Annales Societatis Geologorum Poloniae, 59: 351–390.

Malata, T., 2001. Szczegó³owa mapa geologiczna Polski w skali
1:50 000, ark. 1057 Bukowsko (reambulacja) (in Pol ish).
Pañstwowy Instytut Geologiczny, Warszawa.

Malata, T., Marciniec, P., 1997. Szczegó³owa mapa geologiczna
Polski 1:50 000 ark. Lesko (1058) (in Pol ish). Objaœnienia do
SMGP. Pañstwowy Instytut Geologiczny, Warszawa.

Matyasik, I., 1994. Geo chem i cal stud ies of the Menilite, Inoceram
and Spass beds from the Skole unit in the Flysch Carpathians
(in Pol ish with Eng lish sum mary). Nafta, 6: 234–243.

M³ynarski, S., Bachan, W., Dñbrowska, B., Jankowski, H., Ka -
niew ska, E., Karaczun, K., Kozera, A., Marek, S., Skorupa,
J., ¯elichowski, A.M., ¯ytko, K., 1982. Geo phys i cal – geo log i -
cal in ter pre ta tion of the re sults of in ves ti ga tions along the pro -
files of Lublin – Prabuty, Przedbórz – ¯ebrak, Baligród –
Dubienka (in Pol ish with Eng lish sum mary). Biuletyn Instytutu
Geologicznego, 333: 5–57.

Mwenifumbo, C.J., Elliot, B.E., Jef fer son, C.W., Bernius, G.R.,
Pflug, K.A., 2004. Phys i cal rock prop er ties from the Athabasca
Group: de sign ing geo phys i cal ex plo ra tion mod els for un con -
formity ura nium de pos its. Jour nal of Ap plied Geo phys ics, 55:
117–135; https://doi.org/10.1016/j.jappgeo.2003.06.008

Nieæ, M., 2010. Pros pect ing for con cealed and hid den min eral de -
pos its in Po land – re sults and pos si bil i ties (in Pol ish with Eng lish 
sum mary). Biuletyn Pañstwowego Instytutu Geologicznego.
439: 271–280.

Nieæ, M., Lenik, P., Radwanek-B¹k, B., 2016. Out line of metallo -
geny of the Pol ish Carpathians – ore de posit mod els and the
pos si bil ity of dis cov ery hid den ore de pos its (in Pol ish with Eng -
lish sum mary). Biuletyn Pañstwowego Instytutu Geologicznego, 
467: 9–40; https://doi.org/10.5604/01.30001.0009.4584

Ostrowicki, B., 1958. New ore min er als in the Baligród vi cin ity (in
Pol ish with Eng lish sum mary). Kwartalnik Geologiczny, 2 (4):
644–652.

Oszczypko, N., 2004. The struc tural po si tion and tectono sedi -
mentary evo lu tion of the Pol ish Outer Carpathians. Przegl¹d
Geologiczny, 52: 780–791.

Katarzyna Jarmo³owicz-Szulc et al. / Geo log i cal Quar terly, 68: 11 15

https://gq.pgi.gov.pl/article/view/7892
https://doi.org/10.3390/min11111171
https://doi.org/10.7306/2021.18
https://doi.org/10.1016/j.marpetgeo.2011.11.010
https://doi.org/10.7306/2023.13
https://gq.pgi.gov.pl/article/view/13182
https://gq.pgi.gov.pl/article/view/7790
https://doi.org/10.1016/j.jappgeo.2003.06.008
https://doi.org/10.5604/01.30001.0009.4584
https://gq.pgi.gov.pl/article/view/19235


Oszczypko, N., Zaj¹c, R., Garlicka, I., Mencik, E., Dvorak, J.,
Matejovska, O., 1989. Geo log i cal map of the sub stra tum of the
Ter tiary of the West ern Outer Carpathians and their fore land. In:
Geo log i cal At las od the West ern Outer Carpathians and their
Fore land (eds. D. Poprawa and J. Nemcok). Pañstwowy Instytut 
Geologiczny, Warszawa.

Paczyñski, B., Sadurski, A., 2007. Hydrogeologia regionalna Polski, 
tom II. Wody mineralne, lecznicze i termalne oraz kopalniane (in
Pol ish). Pañstwowy Instytut Geologiczny, Warszawa.

Poprawa, D., Nemèok, J. (eds.), 1988–1989. Geo log i cal at las of
the West ern Outer Carpathians Scale 1:500 000. Wyd. Geol.,
Warszawa.

Radwanek-B¹k. B., Kuæ, P., Lasoñ, K., Lenik, P., Markowiak, M.,
Nieæ, M., 2015. Geochemiczne przes³anki poszukiwañ oraz
prognoza jakoœciowo-iloœciowa wystêpowania rud metali w
Karpatach. Nr inw. 5066/2015. Narodowe Archiwum
Geologiczne PIG-PIB, Warszawa.

Roedder, E., 1984. Fluid in clu sions. Re views in Min er al ogy 12:
1–254.

Rubinkiewicz, J., 1998. De vel op ment of joints in Silesian nappe
(West ern Bieszczady, Carpathians, SE Po land) (in Pol ish with
Eng lish sum mary). Przegl¹d Geologiczny, 46: 820–826.

Rubinkiewicz, J., 2000. De vel op ment of fault pat tern in the Silesian 
nappe: East ern Outer Carpathians, Po land. Geo log i cal Quar -
terly, 44 (4): 391–404.

Rubinkiewicz, J., 2007. Fold-thrust-belt ge om e try and de tailed
struc tural evo lu tion of the Silesian nappe–east ern part of the
Pol ish Outer Carpathians (Bieszczady Mts.). Acta Geologica
Polonica, 57: 479–508.

Rybak, B., 2000. The con nec tion be tween me tal lic min er ali sa tion
and tec ton ics of the Bystre thrust-sheet (Bieszczady Moun tains, 
Outer Carpathians, SE Po land) (in Pol ish with Eng lish sum -
mary). Przegl¹d Geologiczny, 48: 1023–1029. 

Ry³ko, W., Tomaœ, A., 2005. Base ment struc ture be low the
West-Carpathian-East Carpathian orogen junc tion (east ern Po -
land, north-east ern Slovakia and west ern Ukraine). Geologica
Carpathica, 56: 29–40.

Schneiderhöhn, H., 1962. Z³o¿a rud (in Pol ish). Wyd. Geol., War -
szawa.

Sikora, W.J., 1976. Cordilleres of the West ern Carpathians in the
light of the plate tec ton ics the ory (in Pol ish with Eng lish sum -
mary). Przegl¹d Geologiczny, 24: 336–349. 

Stefaniuk, M., 2001. Main struc tural el e ments of the base ment of
east ern Pol ish Carpathians in the light of magnetotelluric in ves -
ti ga tion (in Pol ish with Eng lish sum mary). Kwartalnik Akademii
Górniczo-Hutniczej, Geologia, 27: 127–159. 

Œl¹czka, A., 1958. On the po si tion of ore min er al iza tion in the
Baligród area (in Pol ish with Eng lish sum mary). Kwartalnik
Geologiczny, 2 (4): 637–643.

Œrodoñ, J., Drits, V.A., McCarty, D.K., Hsieh, J.C., Eberl, D.D.,
2001. Quan ti ta tive X-ray dif frac tion anal y sis of clay-bear ing

rocks from ran dom prep a ra tions. Clays and Clay Min er als, 49:
514–528. 

Œwierczewska, A., Hurai, V., Tokarski, A.K., Kopciowski, R.,
1999. Quartz min er al iza tion in the Magura nappe (Po land): a
com bined microstructural and microthermometry ap proach.
Geologia Carpathica, 50: 174–177.

Tobo³a, T., Jarmo³owicz-Szulc, K., 2023. Raman stud ies and
microthermometry of in clu sions vs meth od ol ogy and in ter pre ta -
tion pos si bil i ties (in Pol ish with Eng lish sum mary). Przegl¹d
Geologiczny, 71: 235–244; https://doi.org/10.7306/2023.21

Tokarski, A.K., Zuchiewicz, W., Œwierczewska, A., 1999. The in -
flu ence of early joints on struc tural de vel op ment of
thrust-and-fold belts: a case study from the Outer Carpathians
(Po land). Geologia Carpathica, 50: 178–180.

Unrug, R., 1963. Istebna Beds – a fluxoturbidity for ma tion in the
Carpathian Flysch. Annales Societatis Geologorum Poloniae,
33: 49–96.

Urabe, T., Ayoki, M., 1992. Min eral de pos its of Ja pan and the Phil ip -
pines. Ge ol ogy, 6: 69–75.

Vityk, M.O., Bodnar, R.J., Dudok, I.V., 1996. Fluid in clu sions in
Marmarosh Di a monds: ev i dence for tec tonic his tory of the
folded Carpathian Mts, Ukraine. Tectonophysics, 255: 163–174;
https://doi.org/ 0040- 195 I (95)001 28-X

Wieser, T., 1982a. Barites and celestobarites in the flysch of the Pol -
ish Carpathians. Archiwum Minereralogiczne, 38: 13–25.

Wieser, T., 1982b. Manganoferous micronodules of the Pol ish
Carpathians Flysch de pos its and their or i gin. Mineralogia
Polonica, 13 (1): 25-42.

Wieser, T., 1994. Pojurajskie przejawy mineralizacji a procesy geo -
tekto niczne w Karpatach Fliszowych Polski i obszarów
oœciennych (in Pol ish). Prace Specjalne PTMin, 5: 50–51.

Wieser, T., 2001. Min er al ogy and geo chem is try of man ga nese ox ide 
ac cu mu la tions in Up per Cenomanian–Turonian flysch de pos its
of Zasañ (Subsilesian Unit, Flysch Carpathians). Biuletyn
Pañstwowego Instytutu Geologicznego, 396: 163–164.

Wilczyñska-Michalik, W., Michalik, M., 2000. Kaolinite-bar ite
inter growth as so ci ated with As sul phide min er al iza tion near
Baligród (Pol ish Flysch Carpathians). Slo vak Geo log i cal Mag a -
zine, 6: 186–187.

Zhang, Yu, Yixian, Xu, Jianghai, Xia, 2012. Wave fields and spec -
tra of Ray leigh waves in in poroelastic me dia in the ex plo ra tion
seis mic fre quency band in wa ter re sources Ad vances in Wa ter
Re sources, 49: 62–71;
https://doi.org/10.1016/j.adwaters,2012.05.014

¯elaŸniewicz, A., Aleksandrowski, P., Bu³a, Z., Karnkowski,
P.H., Konon, A., Œl¹czka, A., ¯aba, J., ¯ytko, K., 2011. Regio -
nalizacja tektoniczna Polski (in Pol ish). Komitet Nauk Geo -
logicz nych PAN, Wroc³aw.

16 Katarzyna Jarmo³owicz-Szulc et al. / Geo log i cal Quar terly, 68: 11

https://gq.pgi.gov.pl/article/view/8110
https://gq.pgi.gov.pl/article/view/19234
https://doi.org/10.7306/2023.21
https://doi.org/ 0040- 195 I (95)001 28-X
https://doi.org/10.1016/j.adwaters,2012.05.014

