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Abstract. The paper deals with the origin of realgar occurring in fissures of
the Eocene shales and silicified Hieroglyphic sandstones. In the present writer’s
opinion this mineral was deposited from alkaline polysulphide solutions originated
from the basement underlying the Flysch formation. The presence of the latter is
documented by the occurrence of exotic granite, mica schist and amphibolite peb-
bles within the Oligocene Krosno sandstones. Polysulphide solutions in question
are supposed to represent a final stage of epimagmatic phenomena in the above
crystalline rocks or to be the products of leaching of primary mineral veins by
Flysch saline waters. When permeating through the Flysch deposits these solutions
were partly oxidized in hypergenic zone by manganese oxides occurring as incru-
stations in fissures of the above deposits and as pseudomorphoses after mangane-
se-bearing spherosiderites. The presence of heavy metal ions in these polysulphide
solutions is manifested by the occurrence of traces of sphalerite within the deposit
in question and the distribution of copper ores in variegated shales of the envi-
rons of Zaluz and Monasterzec. Traces of mercury and cinnabar reported in some
publications of 17 th century (Jonston, Rzgczynski) can also be of the same origin.

The occurrence of realgar in the environs of village Rabe (S from
Baligréd) was reported first by Kamienski (1937). Rather primitive
exploring of this ,,deposit” was initiated for balneolcgical purposes by
dr T. Spitzer who also started to investigate other mineralization pheno-
mena in Middle Carpathians as these of copper minerals in Monasterzec,
pyrite in Bezmiechowa, diatom-earth near Ulucz etc. During these works
the present writer, being asked to evaluate these ,,depcsits”, collected
some informations concerning their origin.

In agreement with Kamienski’s observations, realgar veinlets, up to
3 cm thick, are contained mainly in dark shales whereas the fissures in
question are of tectonical origin. As follows from Kamienski’'s examina-
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tions no arsenic is present in shales. Thus the origin of the 'abc.)ve mi-
neral by lateral secretion must be excluded. Moreover Kamienski .obse}*—
ved the appearence of realgar crystals within sandstones intercalations in
shales. The largest concentrations of coarse-grained realgar were found
after the Second World War just in these sandstones when artificial
outcrops by the road to Rabe was made. These sandstones had to be pri-
marily porous and later strongly silicified. They contain not only rege-
nerated quartz grains but also secondary coarse-grained quartz cement.
Moreover in fissures we observe well-developed short-prismatic quartz
crystals called ,,Marmaros (or Bristol) diamonds” or dragomites. Aggre-
gates of these crystals are usually more compact along lamines observed
at the surfaces of these fissures.

Beyond the zone of realgar occurrence the dark shales inciude fine-
-grained sandstone intercalations displaying dark banding and calcareous
cement. These are developed as typical rocks of the Eccene Hieroglyphic
Beds. The walls of fissures of these sandstones are covered with asphal-
tic matter, underlying quartz crystals and colourized by the former in
brown and red. Nevertheless in general these fissures are filled with
white or transparent calcite. After dissolving this carbonate we observe
some asphaltic plates and very fine quartz crystals displaying euhedral
habit with well developed rhombchedral r and z faces. They were depo-
sited from unquestionably alkaline solutions simultaneously with calcite,
whereas the quantitative ratio of these minerals (calcite : quarts) appro-
ached the value 2.85: 0.03. No euhedral calcite grains were found which
could be suitable for morphogenetic studies on the influence of As icns
from the adjacent deposit on the habit of calcite crystals.

Moreover there occur thin incrustations of iron ochre. It is yellow,
yellowish-brown or light red in colour when containing realgar admix-
ture. Light red illinitions on the surfaces of fissures in black shales are
known not only in the environs of Baligréd but also in those occurring
E from Tuchla. As follows from Kamienski’s observations, realgar cry-
stals when heated in hand disintegrate due to internal stresses caused
prchably by anisotropic thermal expansion. No investigations were per-
formed on eventual dependence of these decrepitation phenomena with
the presence of liquid or gaseous inclusions.

I'n an .unpublished paper, deposited in the Archive of the Geological
Institute in Warsaw, Ostrowicki reports the occurrence of traces of spha-
lerite in the realgar depcsit under consideration. Among other minerals
of this paragenesis minute amounts of orpiment were reported by Ka-
mienski. It is well known that cinnabar and native mercury are the
most typical minerals depqsiting from polysulphide solutions. They were
not found actually but their presence in the Polish Carpathians was re-
ported in 17th century by Jan Jonston born at Szamotuty (Jonston 1633)
?Pnclil in more detail by Rzacz'yflski'in 18th century (Rzaczynski 1721).
p::r'owmg informations on this subject are contained in the latter’s pa-

»In monte Zimna Woda sex a Cracovia miliaribus certis anni temporibus ad
superficiem terrae sponte erumpit et circa Joannis Baptistae festum, multis illius
grana pisorum instar, in radicibus graminum, se collegisse testatur author Tyrocinii
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Chymicu 1.2,,, a Reinzer in Meteorolog. citatus. Mons inter pagos Tarnawa et Rybie,
eundem naturae operatricis vi separatum Mercurium habere traditur a Pharmo-
copolis Cracoviensibus. Idem fert fama contigere in montibus vicinoribus Baligrod
oppido Palati. Russiae, in quibus, guttatim sparsus assumitur. Eruitur in Russia
apud Tustanum, Cromero Poloniae 1.1 teste. Ultra Cracoviam, in Monte Babiagora,
atq. in Carpato reperitur. Ilcusii e plumbo, vi ignis evocatur.” (In the Zimna Woda
Mts., six miles from Cracow [most probably in connection with andesites occurring
near Zegocina — A. Gawel] it erupts to the surface of the Earth. Moreover the
author of Tyrocinium Chymicum stated that close to St. John’s Baptist’s day he
collected pellets from the roots of grass. Cracovian pharmaceutists report that the
mountains between Tarnawa and Rybie [the environs of Zegocina — A. Gawel]
contain mercury, produced by creative forces of the nature. There are informa-
tions that this metal_ also occurs in the mountains near Baligrod, a Ruthenian
district town, where it is dispersed in droplets. According to Cromer (Polonia
vol. 1) it is exploited in Ruthenia near Tustan. It also occurs behind Cracow in
Babia Goéra and in the Carpathians).

According to the present writer’s opinion the latter occurrence refers
to the environs of Osielec cr to the Pieniny Mts. It should be mentio-
ned that the occurrence of mercury in the latter range was known to
Lill de Lilienbach (1830), Austrian geologist and director of the salt mi-
nes in Wieliczka. Its presence among ore minerals of Jarmuta (Pieniny
Mts.) was stated analytically by Wojciechowski (1950).

These observations and data cf the above naturalists were confirmed
by Merlich’s discovery of cinnabar in the Transcarpathian Russia (fide
Lazarenko 1957). According to Polish mineralogist Piotrowski (1958,
1961) this mineral was deposited from polysulphide solutions. As follows
frcm this author’s experiments HgS may be precipitated from basic
aqueous Na,HgS, solution by dilution with water or by oxidation of
saturated solution on air or by treating them with hydrogen peroxide.

To explain the origin of realgar in the environs of Baligréd we may
similarly assume the activity of ascending alkaline solutions and their
decomposition into constituents, among which only AsS appeared at the
surface of the Earth. Intense silification of Flysch sandstones in the re-
gicn of occurrence of arsenic minerals indicates alkaline character of
these solutions. Their neutralization was not possible because of lack of
CO,-bearing rocks in this region. Polysulphide solutions, originated most
probably from the crystalline basement of the Carpathians, would be
diluted by waters ccntained in Flysch rocks before their contact with
descending waters. Consequently arsenic mineralization would not be
near-surface in type. Thus oxidation of polysulphide solutions seems to
be most probable. This hypothesis was accepted by Grigoryan (1960) to
explain the paragenesis of antimonite and galena. Following Fersman’s
theory this author assumes the existence of (Sb,S4)?2~ ion being easily
coluble when combined with alkalies and neutralized by heavy metal

ions as Pb2* in zinckenite and boulangerite or Cu e.g. in tetrahedrite:

Pb2+ -+ (SbyS4)2~ = PbS - Sb,S; (zinckenite)
5Pb2+ + 2(Sh,S,)2~ = 5PbS - 2Sb,S; (boulangerite)



According to Grigoryan the oxidation of (Sb,S,)?~ ion results in the
formation of antimonite:

(SPaS et Qs =18bySs =50,
(szS4)2_ = 202 = szs;; S (804)2_
3Pb2t + 5(Sb,S4)2— + 40, = 3PbS + 5Sb,S; + 2S0,%~

The behaviour of more mobile thioarsenite ion is supposed to be si-
milar:

(AsyS4)2~ + 20, = As,S, (realgar) + 2SO0,

In the case of realgar occurring in Flysch deposits near Baligrod the
oxidizing agent had to be one of the components cf these rocks. It should
be emphasized that dark Cretaceous and Oligocene shales of this area
and especially those of the Cisna fold zone distinguish by the presence of
manganic oxide illinitions, whereas dark colouraticn of shales of the
Silesian Carpathians is due exclusively to carbonacecus matter disper-
sed in them. The problem of Mn-enrichment in deeper-water deposits of
the Carpathian Flysch in Roumania was examined by Savul et al.
(1963 a, b). Generally this element occurs as isomorphic admixture in
carbonate concretions (Kuzniar 1932, Kuzniar & Krajewski 1933, Hempel
1933, Narebski 1957). Its enrichment in ashes left after burning petro-
leum from southern parts of the Middle Carpathians was shown by
Zlotnicka (1960).

It is thus supposed that Mn?* and Mn*T oxides occurring as illinitions
in Flysch rocks of the Eastern Silesian (Cisna) facies played considerable
role in oxidation of alkaline polysulphide heavy-metal-bearing soluticns.
This oxidation can be illustrated by following reactions:

(AsyS4)2~ + 20, = As,S, (realgar) + 2SO, or
(As,S4)2~ + Op = As,S; (orpiment) + SO,

Thus the origin of orpiment admixture is connected with periods of
lower oxidizing potential e.g. when only atmospheric oxygen was acting.

Oxidizing action of solid MnO, can be demonstrated by simple experi-
ment. Colourless ammecnium sulphide solution when treated with a little
manganic oxide slowly changes its colour to yellow. This change consists
In partial oxidation of sulphide into sulphite or sulphate, whereas the
latter decomposes the sulphide ion and the liberated sulphur dissolves

?1 the excess of (NH,),S causing gradual development of yellow coloura-
ion.

_ Kamienski was the first to assign the origin of polysulphide solutions
with a deeper-seated, most probably crystalline basement underlying
the folded series of the Carpathian Flysch. Some general idea on the
morphology of this basement can be deduced from the tectonics of Flysch
deposits, the presence of exotic pebbles of crystalline rocks in the Flysch
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deposits and the area of occurrence of copper, arsenic and other mi-
nerals.

Elongated central morphological depression in the eastern part of the
Polish Carpathians results from erosion of generally loose Oligocene
Krosno sandstones. This zone is limited from south and north by folds and
overthrusts consisting of rocks representing all the stratigraphic members
of the Flysch series from Cretaceous to Oligocene. The central depression
consists of folded Krosno sandstones forming several parallel anticlines
having no older beds in their cores. Shallow petroleum shafts were for-
merly localized on the crests of some of these anticlines e.g. the Zahutyn
— Plowce — Pisarowce one. They exploited petroleum-bearing horizon
in the Lower Krosno Beds.

Such tectonical development of the Flysch series must reflect the
structure of the basement. It is thus supposed that older, pre-Carpathian
rock series is also depressed under the area in question.

Paleogeographic and petrographic characteristics of this basement
can be deduced basing on detailed study of pebbles occurring nearly in
all the stratigraphic members of the Carpathian Flysch. Their geographic
and stratigraphic distribution allow to distinguish petrographic provinces
of source areas delivering detritic material to the Carpathian geosyncli-
ne. So for example during the Cretaceous the northern shore of pre-
-Carpathian depression consisted of an emerged cordillera and the eroded
area was composed of Jurassic limestones and Carboniferous sedimen-
tary rocks. Among pebbles of igneous rocks occurring in Cretaceous
Flysch Beds of this region the most interesting are scarce fragments of
alkali diabase displaying the same texture and mineral composition as
that described by Siegel (1951) from Cretaceous deposits in Lusina, S of
Cracow. Chemical analysis and petrographic description given by this
author are one of very few characteristics of basic effusive rocks occur-
ring as pebbles in the Carpathian Flysch.

During Cretaceous and Eocene a deepening of the Carpathian sea
took place and mainly siderite-bearing shales were deposited whilst in
Oligocene a general shallowing was noted. During that period a strongly
errcded northern cordillera already consisted of crystalline rocks, which
are represented by granite, quartz porphyry, granophyre, gneiss and
marble pebbles, forming an ,exotic horizon” in the Lower Krosno Beds
(Gawel 1931, 1932).

It should be added that already in the Cretaceous the northern part
of this cordillera or some other more northern cordilleras furnished gra-
nite-gneiss pebbles (the environs of Debica and Ropczyce) while more
eastwards they are accompanied by fragments of greenschists of the
Dobruja type or of Riphean rocks occurring in situ at the depths of
800—900 m along the Vistula valley between Niepolomice and the mouth
of San river.

Because of lack of exotic pebbles, until recently there were no data
on the character of the scuthern margin or the Carpathian geosyncline.
During the interwar period Prof. W. Rogala kindly offered to the present
writer a sample of coarse-platy chlorite schist found in Cretaceous rocks
of the Cisna zone. This rocks was different from Riphean greenschists
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and from pebbles occurring in the Truskawiec conglomerats described
by Kreutz and Gawel (1926) but it resembled rather chlorite schists
occurring as intercalations in amphibolite series or in slipping zones.
This opinion was confirmed by the presence of amphibolites among exo-
tic pebbles from the Krosno Beds near Bukowiec (Slaczka 1961, Slaczka
& Wieser 1962). This suggests that at the southern margin of the Car-
pathian trough there existed in that time an eroded cordillera consisting
of crystalline rocks and metamorphic mantle. It is supposed that the
northern part of this cordillera would represent a strcngly tectonized
zone displaying flexural or even overthrusted structure. In this case the
cecurrence of fissures and mineral veins would be a natural consequence
of pre-Carpathian deep-seated tectonics. Amphibolite series of tectoni-
cally disturbed massifs generally include ore veins containing quartz,
barite, ankerite as well as tetrahedrites, chalcopyrite etc. The region of
occurrence of such pre-Carpathian veins is supposed to be the source of
solutions, from which the sulphides found in the overlying younger Car-
pathian Flysch rocks were deposited. These solutions could represent
a final stage of post-magmatic hydrothermal phenomena rejuvenated by
tectonic movements of the basement during the Cretaceous period when
variegated Gcedula shales were deposited.

We may assume that the activity of sea water and especially of more
concentrated Flysch salt-waters on sulphides and polysulphides occurring
in ore veins of the basement rocks resulted in their decomposition and
mobilization. As follows from Nesterova’s (1960) investigations a part of
copper contained in tetrahedrites can be comparatively easily mobilized.
Under ideal conditions this reaction may proceed as follows:

(Sb,S;) Cu2™ - 5Cu?*S + 14NaCl = (Sb,S4) Nay + 7Cu?7Cl, + 5Na,S

Thus initiated long-range migration of ccpper in the Carpathian sea
would lead to its syngenetic deposition with variegated shales (Monaste-
rzec, Strzyzoéw, Mecina near Limanowa ect. — Gruszczyk & Ostrowicki
1961 a, b; Kita & Ostrowicki 1959; Kita & Badak 1959). On the other
hand alkali polysulphide solutions were subjected to multistage chemical
a}terations. They consisted in hydrelysis, capture by pyrite and marka-
site forming within Flysch clays and decomposition into simple sulphides
caused by the action of manganese oxides associated with radiolarites
spongiolites and sideritic concretions. Under these conditions pclysulphi—’
des are oxidized according to the previously presented equations into
realgar accompanied by trace amounts of orpiment, sphalerite and galena.

It is, however, interesting that the distribution i
the C_arpathian rocks is not similar to that of arser(ljifc‘tl'.lé‘l}clgsl;)tft(ecx?pi}soer o
;ent in pyrite concretions occurring in grey-greenish claystones ove€{e~
ing Cretaceous variegated shales. According to Michalek’s data (1962) t}z

As content in these pyrites i i
L pyrites increases when approaching the realgar de-
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L oalisy Cu As Atomic ratios
ppm ppm Cu As Cu/As
Bezmiechowa near Monasterzec 85 90 1.33 1.20 1.10
Bystre near Baligrod 165 170 2.59 2.26 1.14
Jablonka near Baligrod 95 195 1.49 2.60 0.57
Rabe 105 260 1.65 3.47 0.47 1

Basing on the above data it is difficult to establish the chemical com-
position of solutions and what mineral of the primary deposits was lea-
ched. Moreover, because of lack of data on the volume ratio of copper-
-bearing shales (average Cu content 0.02 wt. per cent) and pyrite ccn-
cretions (average As content 200 ppm) it is very difficult to establish the
average Cu/As ratio in this environment. When assuming that the thick-
ness of Cu- and As-enriched zone does not exceed 10 cm, the approxi-
mate Cu/As ratio would amount to 100: 1. Such ratio is characteristic
for tetrahedrites from Transylvanian depcsits (Botes: 37% Cu and 0.38%
As). While assuming the presence of polysulphides of tetrahedritic che-
mical composition, the antimony (antimonite) would be concentrated in
deeper parts of Flysch series or even in the basement rocks.

Separate migration of copper and arsenic in the Carpathian basin
and their different behavicur during syngenetic processes accompanying
the formation of Flysch deposits is comprehensible if we take into acco-
unt easy solubility of copper compounds and its tendency to form diver-
se mineral phases. On the other hand slow migration of arsenic depends
upcn amphoteric character of this element and the susceptibility of so-
lutions of its compounds to hydrolysis.

The localization of arsenic deposit under consideration in the envi-
rons of Baligréd i.e. far from Transylvanian and Slovakian young-volca-
nic cre deposits is an important argument for connecting its origin ex-
clusively with the basement underlaying the Carpathian Flysch.
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Antoni GAWE®L

GENEZA REALGARU W UTWORACH FLISZOWYCH OKOLIC
BALIGRODU (KARPATY FLISZOWE)

Streszeczenie

Artykul zajmuje sie geneza realgaru wystepujacego w szczelinach
ilotupkéw i w zsylifikowanych piaskowcach hieroglifowych wieku eocen-
skiego. Autor przyjmuje istnienie roztworéw wielosiarczkéw alkalicznych
pochodzacych z podioza krystalicznego pod fliszem, sygnalizujgcego swa
obecno$¢ pojawianiem sie egzotycznych otoczakéw granitu, tupkéw miko-
wych i amfibolitow w oligocenskich piaskowcach krosnienskich. Roz-
twory wielosiarczkéw stanowily badz dalszy ciag epimagmowych zyl mi-
neralnych w krystaliniku podloza, badz powstaty przez wymywanie tych
zyl przez solanki fliszowe. Przesigkajac przez utwory fliszowe ulegly
w strefie hipergenicznej czeéciowemu utlenieniu pod wplywem tlenkow
manganu, tworzgcych naskorupienia w szczelinach ilotupkow i piaskow-
cow oraz pseudomorfozy po manganowych sferosyderytach. Towarzy-
szace wielosiarczkom metale ciezkie zaznaczyly sie obecnoScig sladow
sfalerytu w zlozu realgaru oraz rozprowadzeniem rud miedzi w pstrych
ilach okolic Zatuza i Monasterca. Swiadczy¢ tez o nich moga Slady rteci
czy cynobru wspomniane w publikacjach z XVII i XVIII wieku (Jonston
1633, Rzgczynski 1721).

Anronu F'ABEJI

FEHE3UC PEAJIbI'APA BO ®JIMWIEBBIX MOPOJIAX
OKPECTHOCTEM C. BAJIUTPY] (®JIMLWIEBBIE KAPIIATDI)

Pesome

CraTbsl TOCBsILIeHAa paCCMOTPEHHIO TeHe3uca peasibrapa, paCnpocTpaHeH-
HOTO B TPeLIHHAX CPeAH TJIHHHCTHIX CJAaHLEB H OKPEMHEJbIX HepOTrTH(OBEIX
[ecyanHKOB 30LIEHOBOTO Bo3pacra. ABTOD BBICKAa3blBaeT IPEATONOKEHHE
0 CyIEeCTBOBAHHH PACTBOPOB MOJHUCYJIbOHIOB LIEJTOUHBIX 3/1EMEHTOB CBA3AH-
HBIX C KPHCTAJIHUECKHM NOADJIHIIEBHIM OCHOBaHHEM, NMOPOABI KOTOPOro —
IPAHHTHI, CJIOASIHBIE CJAHIB H aM(pUOOMHTBl — TPEACTABJIEHD! B TaJIbKE, M€
PEOTIOKEHHOH B KPOCHEHCKHX MeCYaHHKaX OJUIOLEeHOBOro Bo3pacra. [Tonu-
cy/b(HIHbIe PACTBOPHI ABJAIHCH JHOO OCTaTKOM mocie 00pa3oBaHUsl 3MH-
MarMaTHUeCKHX MHHEPAJbHBIX 1a€K B KPHCTAIJIHIECKOM OCHOBaHHH, aubo xKe
BO3HUKJH B Pe3yjibTaTe BbIlLEJaUHBAHHs ITHX KU/ (IUIIEBBIMH PACCOTAMH.
TIpocauuBasich CKBO3b ()JIHILEBbIE OPO/BI 3TH PACTBOPbI B 30HE IHIEPreHesa
NMOABEPI/IHCh YACTHYHOMY OKHCJEHHIO MOJA JAeHCTBHEM OKHCJIOB MapraHiua,
06pa3yiollero KOpKoo6pasHble HaJleTbl MO TPelHHaM B CIAHLAX H MeCuaHH-
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Kax M MCeBAOMOP(O3bI 110 MapraHiesbiM chepocHIepHTaM. PacTBopbl LIeN0-
UHBIX TOMHCYIbGHAOB COMPOBOKAAJIHCH TSKEIHIMH MeTa11aMH, 0 1EM CBH/LE-
TeAbCBYIOT C/Ie/bl casepiTa B PyAONpPOsBIEHHsX peajnbrapa H MeJIHOPY -
Hble TIPOSIBJCHHSI B NMECTPbIX MIHHAX paHOHA mectHocreit 3anyxe W Mona-
crexkell. Kpome TOro, 3T0 MOATBEPXKJAeTCs CNeAaMH DTYTH M KHHOBADH,
0 KOTOpPBIX YMOMHHAaeTcsi B MyGTHKaUAX XVII u XVIII B.B. (Moucron 1633,
Konuunbcku 1721).



