
Geo log i cal Quar terly, 2012, 56 (4): 803–820
DOI: http://dx.doi.org/10.7306/gq.1056

Heavy min er als from Oligocene sand stones of the Menilite For ma tion 
of the Skole Nappe, SE Po land: a tool for prov e nance spec i fi ca tion

Dorota SALATA and Al fred UCHMAN

Salata D. and Uchman A. (2012) – Heavy min er als from Oligocene sand stones of the Menilite For ma tion of the Skole Nappe, SE Po land:
a tool for prov e nance spec i fi ca tion. Geol. Quart., 56 (4): 803–820, doi: 10.7306/gq.1056

Heavy min er als from sand stones be long ing mostly to the Boryslav Sand stone and Kliva Sand stone mem bers of the lower part of the
Menilite For ma tion (Oligocene) in the north ern part of the Skole Nappe, Pol ish Carpathians are characterized. In the study area, the sed i -
ments were de pos ited in the Rzeszów and Łańcut chan nel zones run ning from the north ern mar gin of the ba sin. The most fre quent heavy
min er als in the sand stones ex am ined in clude zir con, tour ma line, rutile, staurolite, kyan ite and gar net. Sin gle grains of an da lu site,
sillimanite, ap a tite, epidote, brookite and chrome spinel oc cur in some sam ples. The very small con tent of ap a tite is re lated to long, con ti -
nen tal weath er ing in the source area, which is re ferred to the Pa leo zoic sed i men tary cover of the Małopolska Block and the east ern most
part of the Up per Silesian Block. Dif fer ent pres er va tion states, mor phol ogy, de gree of round ness and col our va ri et ies sug gest that the
heavy min er als stud ied de rive from var i ous petrographic types in clud ing meta mor phic, ig ne ous and sed i men tary rocks. How ever, the
Car bon if er ous and Perm ian con glom er ates and sand stones seem to be the most prob a ble source rocks.
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INTRODUCTION

Anal y sis of heavy min er als is a pow er ful tool in char ac ter iz -
ing the prov e nance of sed i men tary ma te rial, which is an im por -
tant part of fa cies, ba sin and palaeogeographic anal y ses. In the
Pol ish Flysch Carpathians, this method has long been ap plied
(e.g., Jaskólski 1931, 1939; Tokarski, 1947; Nowak and
Szczurowska, 1964; Kotlarczyk, 1966; Krysowska-Iwa -
szkiewicz and Unrug, 1967; Wdowiarz et al., 1974; Żytko et al.,
1975 see Wieser and Żytko, 2006; Szczurowska, 1980, 1985,
2006a, b; Leszczyński, 1981; Winkler and Slaczka, 1992, 1994;
Cieszkowski et al., 1998; Salata, 2004; Żytko, 2004; Oszczypko
and Salata, 2005; Grzebyk and Leszczyński, 2006; and ref er -
ences therein), but some re gions such as the north ern and
northeast ern parts of the Skole Nappe, have been less thor oughly 
stud ied. 

In this pa per, we pres ent the re sults of in ves ti ga tion of heavy
min er als oc cur ring in sand stones of the lower part of the
Menilite For ma tion (Oligocene) in the north ern part of the Skole
Nappe, Pol ish Carpathians (Figs. 1 and 2). We char ac ter ize the

con tent and fea tures of heavy min er als, their pos si ble dif fer ences 
be tween the units stud ied and lo cal i ties, and dis cuss the prov e -
nance of the heavy min eral as sem blages stud ied. The sand stones
be long mostly to the Boryslav Sand stone and Kliva Sand stone
mem bers (Figs. 3–7). In the study area, they were de pos ited
mainly in two chan nel zones (Rzeszów and Łańcut chan nel
zones, re spec tively), iden ti fied by fa cies dis tri bu tion (Kotlarczyk 
and Leśniak, 1990). The chan nel zones were path ways for trans -
port of sed i ment from the Eu ro pean Plat form fore land. 

GEOLOGICAL SETTING

The Menilite For ma tion (called also the Menilite Beds) is a
wide spread Oligocene lithostratigraphic unit of the Outer
Carpathians. Its most char ac ter is tic fea ture is the pres ence of
dark, mostly black or brown shales, which ac cu mu lated on a
deep, pe ri od i cally anoxic sea-floor of a flysch ba sin (for
palaeoenvironmental as pects see Kotlarczyk and Uchman,
2012). The Skole Ba sin was a trough bor dered by the Eu ro pean 
Plat form in the north and the Subsilesian ridge and slope in the



south. The ba sin was at least some 150 km across (Gągała et al., 
2012). Its Oligocene and Lower Mio cene fill is formed by the
Menilite and Krosno for ma tions, which form the high est part of 
the sed i men tary suc ces sion of the Skole Nappe. The Menilite
For ma tion of the Skole Nappe is a few hun dred metres thick
and con tains sand stone units (Fig. 2). Sand stones are pres ent in
the Siedliska Mem ber but dom i nate in the Boryslav Sand stone
Mem ber (lower part of the for ma tion) and the Kliva Sand stone
Mem ber (lower-mid dle part of the for ma tion), as well as in the
Huwniki Sand stone and Błażowa Sand stone mem bers in the
up per part of the for ma tion (Fig. 2). More over, iso lated rip ples
and thin (rarely thick) sand stone beds oc cur in most of the other 
lithostratigraphic di vi sions of the for ma tion (Fig. 2). How ever,
the lithostratigraphic sub di vi sion is a mat ter of con tro versy
(Malata, 2006). Some thin, rip pled sand stone lay ers of the
Kliva Sand stone Mem ber are in ter preted as de pos its of bot tom
trac tion cur rents (Unrug, 1980). The Boryslav Sand stone and
Kliva Sand stone mem bers were de pos ited as grav ity flows,
mainly in chan nel zones, which brought sed i ment from the Eu -
ro pean Plat form fore land; in the study area, the Rzeszów and
Łańcut chan nel zones were the main long-last ing cor ri dors of
sed i ment sup ply. How ever, the Kliva Sand stone Mem ber also
oc cu pies large ar eas out side the chan nel zones (Kotlarczyk and
Leśniak, 1990), show ing that these chan nel zones were al ready
filled dur ing sed i men ta tion of this unit. 

UNITS AND OUTCROPS
STUDIED

SIEDLISKA MEMBER

This is the low est coarse clastic
unit of the Menilite For ma tion,
which was dis cov ered by Friedberg
(1903) and dis tin guished by
Kropaczek (1917a, b) as the Siedli -
ska Con glom er ate. It oc curs lo cally,
mainly in the ar eas lo cated to the
south and south-east of Rzeszów
(Książkiewicz et al., 1962) and
Dębica (Kotlarczyk and Leśniak,
1990). It is ~5–70 m thick, dom i -
nated by grey, thick- and me dium-
 bed ded grey con glom er ates, sand -
stones, and cal car e ous mudstones
interbedded with brown mudstones
(Kropaczek, 1917a, b; Blaicher and
Nowak, 1963; Kotlarczyk, 1985,
1991a). The de pos its are rich in plant 
de tri tus and con tain intraclasts and
bioclasts of molluscs, num mu lites,
brachi o pods and oth ers (Kropaczek,
1917a, b; Pazdro, 1930; Rogala,
1932; Bieda, 1946). The de pos its are
in ter preted as turbidites and
mudflows (Rajchel, 1989; Kotlar -
czyk and Leśniak, 1990; Kotlarczyk,
1991a). Small foraminifers in di cate
their Early Oligocene age (Blaicher
and Nowak, 1963). One sand stone

sam ple was stud ied from the 17 m thick stratotype sec tion
Siedliska 1 at Siedliska (Figs. 1 and 3). The sam ple is of brown -
ish fine-grained sand stone rich in quartz, or ganic ma te rial and
glauconite. 

BORYSLAV SANDSTONE MEMBER

This unit (Tołwiński, 1917) is wide spread in the Skole
Nappe be low the Kotów Chert Mem ber of the Menilite For ma -
tion (Fig. 2). It is 20–30 m lo cally up to 40 m thick, com posed of
brown, light grey or yel low ish, thick-bed ded, fine- to me -
dium-grained, non-cal car e ous, poorly ce mented quartz sand -
stones interbedded with lo cally si lici fied mudstones (Tołwiński,
1917; Świdziński, 1947; Kotlarczyk and Leśniak, 1990). The
sand stones are mainly quartz arenites, as in the Kliva Sand stone
Mem ber, or quartz arenites with glauconite. Their lithosoms
show elon gate ge om e tries along the Rzeszów and Łańcut chan -
nel zones (Kotlarczyk and Leśniak, 1990; Kotlarczyk, 1991b).
This unit was stud ied in the quarry at Tarnawka (Figs. 1 and 5),
where it was con sid ered pre vi ously as the Kliva Sand stone
(Malata, 2006). The Hermanowa-Żmi jówka sec tion (Figs. 1 and
4) con tains yel low sand stones and a 70 cm thick bed of
ferruginous sand stones, which re sem ble the sand stones of the
Boryslav Sand stone Mem ber, but their ex act strati graphic po si -
tion within the Menilite For ma tion is un known.
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Fig. 1. Map show ing lo ca tion of the study area (based on Kotlarczyk and Leśniak, 1990)



KLIVA SANDSTONE MEMBER

This mem ber was stud ied in the
Hermanowa 2 (Figs. 1 and 4),
Widaczów 1 (Figs. 1 and 6),
Widaczów 2 (Figs. 1 and 6), and in
the Hucisko Jawornickie (Figs. 1 and 
7C) sec tions. It is dom i nated by
white or yel low ish, poorly ce mented, 
well-sorted, thick and very thick-
 bed ded, fine- and me dium-grained
quartz sand stone, mainly quartz
arenites (Żgiet, 1963; Kotlarczyk,
1966, 1976). How ever, less well-
 sorted, coarse-grained and even con -
glom er atic sand stones are com mon
(Kotlarczyk, 1966; Ślączka and
Unrug, 1966). Both types con tain
feld spar, mus co vite, glauconite,
lithoclasts and small amounts of
clayey, si li ceous or lo cally cal car e -
ous ce ment. The quartz grains are
well-rounded and dom i nated by
quartz with un du la tory ex tinc tion;
frosted quartz grain sur faces (see
Margolis and Kinsley, 1971) sug gest 
ae olian re work ing (Mrazec fide
Macovei, 1927; Ślączka and Unrug,
1966). Sand stones con tain also
debrites com posed of sand and peb -
bles of coal, black chert and
quartzitic sand stone (Żgiet, 1963;
Ślączka and Unrug, 1966).

Sand stone beds or pack ages of
beds are sep a rated by pack ages of
mudstones and siltstones. Sand stone
beds are com monly amal gam ated
(Żgiet, 1963) and dis play sharp
lower and up per bound aries, graded
bed ding, hor i zon tal or cross-lam i na -
tion; they are poor in drag and
frondescent marks, and in load ing
struc tures; lo cally, mudballs are pres ent (Ślączka and Unrug,
1966; Kotlarczyk and Leśniak, 1990). They form len tic u lar
lithosomes in trans verse cross-sec tion, which form chan nels
within finer de pos its (Unrug, 1980). The lithosomes are up to
100 m thick and a few kilo metres wide (Kotlarczyk, 1985). The 
sand stones are in ter preted as de pos its of sand flows and
turbidites (Żgiet, 1963; Ślączka and Unrug, 1966).

OTHER UNITS AND SECTIONS

In the Rzeszów Chan nel Zone, sand stones were sam pled in
the Straszydle, Siedliska 2 and Hermanowa 1 sec tions (Fig. 1).
The Straszydle and Siedliska 2 sec tions  are built pre dom i -
nantly of fine- to me dium-grained, yel low ish and quartz-dom i -
nated sand stones. 

The Straszydle sec tion (Fig. 7A) in cludes an aban doned
quarry at Straszydle, where the Kotów Chert Mem ber and the

Dynów Marl Mem ber over lain by the Rudawka Tractionite
Mem ber (Fig. 2) crop out. Two sam ples have been col lected
from two sand stone beds: ST1 close to the top of the Kotów
Chert Mem ber and ST2 from a 32 cm-thick glauconitic sand -
stone bed at the base of the Dynów Marl Mem ber. 

The Siedliska 2 sec tion is in an aban doned quarry, where
black shales of the Rudawka Tractionite Mem ber crop out.
Three sam ples were taken from three sand stone beds
interbedded with the shales (Figs. 1 and 7B).

The Hermanowa 1 sec tion (Fig. 4) is a sec tion of an aban -
doned quarry, where the lower part of the Menilite For ma tion is 
ex posed. Sam ples H1–H7 were taken from iso lated sand stone
beds be low a thin ho ri zon of the Dynów Marl Mem ber, ex cept
for sam ple H8 which is lo cated just above this ho ri zon. Sand -
stone sam ples taken in the Hermanowa 1 sec tion dif fer from the 
oth ers in grain size and de gree of sort ing. They are built of silt
to very fine-grained, very well-sorted quartz sand. 
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Fig. 2. Strati graphic scheme of the Menilite For ma tion of the Skole Nappe (based on Kotlarczyk
et al., 2006), show ing po si tions of the sec tions stud ied

Ver ti cal bars in di cate strati graphic po si tion of the stud ied sec tions: 1 – Siedliska 1; 2 – Straszydle; 3 –
Tarnawka, 4 – Hermanowa 1; 5 – Hermanowa 2; 6 – Siedliska 2; 7 – Hermanowa-Żmijówka; 8 –
Widaczów 1, 2; 9 – Hucisko Jawornickie; T – Tylawa Lime stone Ho ri zon, W – Wujskie Lime stone Ho ri -
zon, J – Jasło Lime stone Ho ri zon, U – Up per Chert Ho ri zon, K – Końskie Tuffite, D – Dobrzanka Tuffite,
B – Bandrów Tuffite, Ki – Kiczera Tuffite



METHODS

Forty-seven sam ples of sand stones were col lected for
heavy min eral anal y ses. Sand stones are mostly weakly or not
con sol i dated. The con sol i dated sand stones were crushed and
the <0.5 mm frac tion of the crushed ma te rial was used for fur -
ther prep a ra tion. Then this frac tion as well as the re main ing
weakly con sol i dated sand stone sam ples were cleaned of clayey 
ma te rial by wet siev ing. Af ter that the 63–250 mm frac tion was
ex tracted by stan dard siev ing us ing a me chan i cal shaker. The
frac tion ex tracted was washed in deionised wa ter, disaggre -
gated in an ul tra sonic bath, di vided by coning and then used for
sep a ra tion in heavy liq uid. So dium polytungstate of 2.9 g/cm3

den sity was used for sep a ra tion. The heavy min eral as sem -
blages were mounted in Can ada bal sam and stud ied us ing stan -
dard op ti cal tech niques un der a polar is ing mi cro scope. For
each sam ple, from 200 to 300 grains of trans par ent,
non-micaceous min er als were counted ac cord ing to the rib bon
method (Galehouse, 1971). Min eral fre quen cies were cal cu -
lated as vol ume per cent ages. To con firm the iden ti fi ca tion and
oc cur rence of con fus ing min er als they were ex am ined us ing a
scan ning elec tron mi cro scope (SEM) Hitachi S-4700 equipped
with an en ergy dispersive spec trom e ter (EDS) Noran Van tage
work ing at 20kV. The mor phol ogy and sur face fea tures of min -
er als were stud ied by means of scan ning mi cros copy. The pre -
lim i nary chem i cal com po si tion of gar nets and tour ma lines was
de ter mined with a wave-dis per sion (WDS) elec tron micro -
probe us ing a Cameca SX-100 at the Joint-In sti tute An a lyt i cal
Com plex for Min er als and Syn thetic Sub stances at War saw
Uni ver sity. The WDS anal y ses con di tions were: 15 kV ac cel er -
at ing volt age and 20 nA beam cur rent. Syn thetic and nat u ral
min eral stan dards were used for an a lyt i cal cal i bra tion.

RESULTS 

HEAVY MINERAL ASSEMBLAGES

The most fre quent heavy min er als in the sam ples ex am ined
in clude ultrastable zir con, tour ma line and rutile and mod er ately 
sta ble staurolite, kyan ite and gar net. Sin gle grains of an da lu site, 
sillimanite, ap a tite, epidote, brookite and chrome spinel oc cur
in some sam ples. Be sides, very scarce (amounts far be low
0.01%) highly rounded monazite grains were found by means
of scan ning mi cros copy.

Zir con com prises 5–32% of the counted heavy min er als
(Ta ble 1 and Fig. 8) and in cludes sev eral va ri et ies that may be
dis tin guished on the ba sis of de gree of round ness, col our and
in ter nal fea tures, such as zon ing and in clu sions. About 10% of
zir cons are sharp euhedral (Fig. 9A–C) or have only slightly to
mod er ately rounded edges (Fig. 9D). The euhedral crys tals are
colour less, mostly with nu mer ous in clu sions (Fig. 9A, B).
Around 90% of the zir con grains are highly rounded and
smoothed and mostly colour less (Fig. 9E); very few were pink
(Fig. 9E, F) or yel low. Some grains dis play in ter nal cores
(Fig. 9C) or os cil la tory zon ing (Fig. 9F). In di vid ual zir cons dis -
play overgrowths. 

Tour ma line com prises 7–35% of the heavy frac tion (Ta -
ble 1 and Fig. 8) and oc curs in a few va ri et ies. Only about 10%
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Fig. 3. Sec tion of the Siedliska Mem ber at Siedliska 
with lo ca tion of the sam ple ana lysed

Grain size: cl – clay, s – silt, vf – very fine sand, f – fine sand, m – me -
dium sand, c – coarse sand, vc – very coarse sand, cgl – con glom er ate
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Fig. 4. Sec tions stud ied of the Rzeszów Chan nel Zone with lo ca tion of the sam ples ana lysed

Ex pla na tions as in Fig ure 3
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Fig. 5. Sec tion of the lower part of the Menilite For ma tion in the Tarnawka Quarry with lo ca tion of the sam ples ana lysed

Ex pla na tions as in Fig ure 3



of grains are pres ent as sharp euhedral prisms, mostly ol -
ive-brown in col our (Fig. 9G). Highly rounded grains, of ten al -
most spher i cal with smooth sur faces, pre vail (Fig. 9H–K).
Among the rounded grains those with ol ive-brown pleochroic
colours dom i nate, while in di vid ual grains are blue or pink, or
dis play a patchy brown ish-green tinge (Fig. 9G–K). Pre lim i -
nary anal y ses of chem i cal com po si tion al low the dis tinc tion of
three main compositional types of tour ma line: (1) Fe-rich tour -
ma line (FeO over 16 wt.%), (2) Mg-rich tour ma line (MgO over 
9 wt.%) and (3) Fe-Mg tour ma line, which sug gest a wide
compositional spec trum of the schörl-dravite se ries. The tour -
ma line grains are also char ac ter ized by low con tents of Ca
(CaO  mainly be low 0.5 wt.%). Such tour ma lines with Fe and
Mg as dom i nant cat ions and low Ca con tents are typ i cal of
aluminous or Al-poor metapelites and metapsammites im pov -
er ished in Ca, while Fe-rich ones with low Ca may be found in
granitoids and their pegmatites (Henry and Guidotti, 1985;
Henry and Dutrov, 1992). More pre cise chem i cal anal y ses of
the tour ma lines and more de tailed prov e nance anal y ses of them 
are in prep a ra tion.

The amount of gar net ranges from 0% in very fine-grained
sand stones in the Hermanowa 1 sec tion, to 25% in the
Widaczów sec tion (Ta ble 1 and Fig. 8). Euhedral crys tals of
gar nets (Fig. 9L) are very rare. They oc cur mostly as ir reg u lar
crys tal frag ments though highly rounded grains are also com -
mon (Fig. 9M–P). The gar nets are pre dom i nantly colour less
but some of the grains are pink ish, yel low ish or salmon-pink in
col our. Green grains oc cur as well. The gar nets dis play var i ous
de grees of diagenetic cor ro sion man i fested as small-scale fac -
ets on grain sur faces to highly etched grains, with frag ile edges
(Fig. 9M). The col our di ver sity sug gests a wide compositional
va ri ety of gar nets. Pre lim i nary chem i cal anal y ses showed that
most of the grains in ves ti gated rep re sent Fe-rich almandine
gar nets though many in clude up to 40 mol% of the pyrope
end-mem ber. More over, some grains are char ac ter ised by a sig -
nif i cant con tri bu tion of spessartine (up to 38 mol%) and an dra -
dite + grossularite (up to 37 mol%). The green col our of some
grains may in di cate also the pres ence of Cr-en riched va ri et ies
of gar net, al though this has not yet been con firmed. The com -
po si tion of the gar nets sug gests der i va tion from mainly me -
dium grade meta mor phic rocks such as gneiss es, am phi bo lites
or mica schists, con tact meta mor phic Ca-rich rocks  and ig ne -
ous bod ies such as granitoids, though high grade granu lites or
metabasic rocks can not be ex cluded (Mange and Mor ton, 2007
and ref er ence therein). In or der to re solve this fur ther, de tailed
quan ti ta tive anal y ses of the gar nets are in prog ress.

Rutile and brookite rep re sent TiO2 poly morphs in the sam -
ples stud ied. Rutile dom i nates and con sti tutes 5–47% of the
trans lu cent min er als counted (Ta ble 1 and Fig. 8). It is most
abun dant in sam ples from the Hermanowa 1 sec tion in the
Rzeszów Chan nel Zone (Ta ble 1 and Fig. 8). It forms rounded
or subrounded prisms, which are red or or ange in col our
(Fig. 9Q, R). Brookite was found only as sin gle rounded grains
in some sam ples (Ta ble 1).

Al2SiO5 poly morphs are rep re sented by kyan ite and an da lu -
site. The kyan ite con tent var ies from 4 to 27% of the heavy frac -
tion, while sin gle an da lu site grains were found in a few sam ples
(Ta ble 1 and Fig. 8). Sillimanite usu ally does not ex ceed 0.5%
(Ta ble 1). Two dif fer ent types of kyan ite may be dis tin guished in 
terms of grain mor phol ogy: highly rounded al most spher i cal
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Fig. 6. Sec tions the Kliva Sand stone Mem ber at 
Widaczów with lo ca tion of the sam ples ana lysed

Ex pla na tions as in Fig ure 3



grains and unrounded blades and prisms with eas ily vis i ble
cleav age (Fig. 9S, T). Kyan ite is chiefly colour less but grains
show ing weak lav en der pleochroism are also pres ent. An da lu -
site is al ways highly rounded, up to spher i cal (Fig. 9U).

Staurolite con sti tutes 5–27% of the heavy min eral con tent
(Ta ble 1 and Fig. 8). It is most abun dant in sam ples from the
Tarnawka and Widaczów sec tions be long ing to the Łańcut
Chan nel Zone. The col our of the staurolite ranges from light yel -
low to al most or ange. It is mostly ir reg u lar but some grains are
rounded and smoothed (Fig. 9V, W). Many grains dis play
smooth conchoidal frac tures in di cat ing me chan i cal de struc tion.

Other min er als iden ti fied in the sam ples in clude some
rounded grains of epidote (Fig. 9X), scarce rounded ap a tite
(Fig. 9Y, Z) and sin gle grains of chrome spinel (Fig. 9Z1; Ta -
ble 1 and Fig. 8). Ap a tite grains dis play cor ro sion sur face tex -
ture in di cat ing ag gres sive dis so lu tion. 

Among the heavy min er als stud ied, grains with hack saw ter -
mi na tions, fac ets and etch pits vis i ble on their sur faces may be
found. Such mi cro-tex tures are vis i ble mostly on rounded grains
of gar net, kyan ite, staurolite and even tour ma line (Fig. 10). 

DISCUSSION

POTENTIAL SOURCE AREAS

The Outer Carpathian nappes are overthrust upon the
Carpathian Foredeep, the base ment be ing formed by flexurally

sub sided blocks of the Eu ro pean Plat form. The south ern edge
of the plat form was the north ern mar gin of the Skole Ba sin in
SE Po land. Now, it is deeply subducted un der the nappes and
prob a bly tec toni cally re duced. There fore, it is not avail able for
di rect in ves ti ga tion. More over, the Carpathians form a char ac -
ter is tic deep arc, which is turned sig nif i cantly to the SE in the
study area, sug gest ing tec tonic ro ta tion. There fore, de ter mi na -
tion of the ex act po si tion of the Skole Ba sin in re la tion to the
Eu ro pean Plat form is not ob vi ous. Judg ing from the subsurface 
maps, the north ern mar gin of the Skole Ba sin in the study re -
gion can be formed by ex ten sion of the Małopolska Block and
the Up per Silesian Block, which are sep a rated by the NW–SE
trending su ture zone of the Kraków–Lubliniec Fault Zone
(Fig. 11; Buła and Habryn, 2011). 

Palaeocurrent mea sure ments in di cate two main di rec tions
into the Skole Ba sin dur ing the Oligocene. Ac cord ing to
Książkiewicz (1962) and Ślączka and Unrug (1966), the clastic 
ma te rial was trans ported from the NW in the south ern and
west ern parts of the Skole Ba sin. Kotlarczyk (1966, 1976)
made palaeocurrent mea sure ments in di cat ing trans port to wards 
the S and SW from the north east ern mar gins of the Skole Ba sin
in Po land. On that ba sis – also sup ported by the pe trog ra phy of
clasts in the Kliva Sand stone – the lat ter au thor sug gested the
south west ern mar gin of the East Eu ro pean Craton as the most
prob a ble gen eral source re gion for the sand stones. How ever,
later dis cov ery of the chan nels zones (Kotlarczyk and Leśniak,
1990), re con structed mainly on the ba sis of fa cies anal y sis, in -
di cates trans port from the north ern mar gin of the ba sin to wards
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Fig. 7. Some stud ied ex po sures with lo ca tion of the sam ples ana lysed

A – quarry at Straszydle; B – Siedliska 2 sec tion; C – Kliva Mem ber at Hucisko Jawornickie



S and SE. This con cerns the study area, es pe cially the Rzeszów
and Łańcut chan nel zones. Pro vided that the north ern mar gin of 
the Skole Ba sin was lo cated a few tens of kilo metres to the
south from the pres ent mar ginal Carpathian overthrust, and
mak ing al low ance for later ro ta tion, the mouths of the two
chan nel zones ad join the west ern part of the Małopolska Block
and the east ern most tip of the Up per Silesian Block (Fig. 11).
There fore, both blocks can be con sid ered as source ar eas for
the sand stones in the study area. Judg ing from the di ver sity and
mor pho log i cal fea tures of the heavy min er als stud ied, their
source rocks were prob a bly mainly sed i men tary rocks, such as
sand stones and con glom er ates with some con tri bu tion from ig -
ne ous and meta mor phic rock bod ies. Among sed i men tary
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Sam -

ple

Mineral

Zr Tur Rt Grt Ky St And Ep Ap Sp Sill Br

H1 12 25 43   0 16   4 – 1 – – – –

H2 12 26 36   3 11   8 – 2 1 – – T

H3 15 32 29   0 16   7 – 1 T – – –

H4 14 22 35   4 12 10 – T 1 – – –

H5 17 19 30 10 10 12 – T T – – –

H6 18 17 35   0 15 12 – 2 T T – –

H7 18 15 47   4   9   4 – 1 1 – – –

H8 15 12 26   3 26 16 – – 1 – – –

HK1 25 14 20 11 10 17 1 1 T – – –

HK2 17 27 24   9 9  13 – – 1 – – T

HK3   7 29   9 12 16 24 1 1 T – – –

HK4 10 28 18 12 16 14 1 T 1 – T –

HK5 22 14 15 21 13 12 T – 1 – – –

SK1 26 22 21   5 12 14 – – – – – –

SK2 20 18 26   8 14 13 T T – – – –

SD1 29 20 22 13   6   9 – – 1 – – T

SD2 26 12 29 19   5   8 T – T T – T

SD3 27 20 24 13   6 10 – – T – – –

ST1 27 17 25 15   6   9 T – T T – T

ST2 27 20 22 11   8 11 – – T – – –

Wid1 18 21 11   7 19 21 – 1 2 – – –

Wid2 22 14 15 17 13 19 T – – T – –

Wid3   6 23 10 14 23 21 1 1 1 – – –

Wid4 15 19   6 13 22 25 – T – – – –

Wid5 10 25 11 10 19 25 – T – – T –

Wid6 15 13   8 25 20 16 1 – T T T –

Wid7 10 27 14 10 19 19 – – – – – –

Wid8 23 17 20 11 11 15 – 1 – T – –

Wid9 17 20 12 10 20 21 T T – – – –

Tn1 16 22 18 11 13 18 – 1 2 1 – –

Tn2 12 14 17 16 21 18 1 – 2 – – –

Tn3 11 16 16 11 17 27 – T 1 – – –

Tn4 16   8 27 12 16 20 – 1 – – 1 –

Tn5 24 13 18   8 14 22 – – 1 – T –

Tn6 18 13 12 18 18 19 T – – – 1 –

Tn7 24 14 19   9 14 20 – – – – T –

Tn8 14 27   5 12 19 22 – 1 – – – –

Tn9 14 21   7 14 21 24 – T T – – –

Tn10 19 23 11   9 14 24 – T T – – –

Tn11 30 21 20 9   7 13 – – – – – –

Tn12 13 35 11   7 11 22 – T – – 1 –

Tn13 15 16 11 14 27 18 – – – – – –

Tn14 20 21 22 12   8 17 – – – – – –

HJ1 17 23   6   9 15 26 2 1 1 – – –

HJ2 20 17 10 19 15 18 1 – – – – T

SI1 33   8 20 11   5 21 – – 2 – – –

Zr – zir con, Tur – tour ma line, Rt – rutile, Grt – gar net, Ky – kyan ite, St –
staurolite, And – an da lu site, Ep – epidote, Ap – ap a tite, Sp – chrome spinel,
Sill – sillimanite, Br – brookite, T – min er als in amounts <0.5% but >0.1%

T a  b l e  1

Per cent ages of heavy min er als (vol ume %) 
in the sand stones in ves ti gated

Fig. 8. Heavy min eral abun dances 
in the Menilite For ma tion sand stones in ves ti gated 

Other min er als in clude an da lu site, epidote, ap a tite,
 chrome spinel, sillimanite and brookite
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Fig. 9. Heavy min eral im ages from the sand stones of the lower part of the Menilite For ma tion

Zir con: A – euhedral, B – euhedral, colour less with nu mer ous in clu sions, C – euhedral, colour less with in ter nal core, D – subhedral, E – rounded, pink and
colour less, F – rounded, pink with os cil la tory zon ing; tour ma line: G – sharp, euhedral, ol ive–brown prism, H – rounded, ol ive–brown, I – rounded blue, J
– rounded pink, K – rounded, patchy; gar net: L – euhedral, M – rounded salmon-pink with frag ile edges, N – rounded pink ish, O – rounded, salmon-pink,
P – rounded green; rutile: Q – subhedral, red dish, R – rounded, or ange; kyan ite: S – euhedral with well-de vel oped cleav age, T – rounded, colour less; U –
rounded strongly pleochroic an da lu site; staurolite: V – rounded yel low pris matic, W – ir reg u lar or ange frag ment with dis so lu tion fea tures; X – rounded
green ish-yel low epidote; ap a tite: Y – subrounded prism, Z – rounded colour less prism with green ish-brown patches and dis so lu tion fea tures; Z1 –

subrounded red-brown chrome-spinel grain; im ages in col our-PPL, black and white im ages-SEM. The scale bar is 50 mm long



sources the most pro spec tive seem to be the Car bon if er ous and
Perm ian clastic rocks, al though flysch strata older than
Oligocene can not be ex cluded. There fore, a brief out line of the
geo log i cal suc ces sions of both of these blocks is nec es sary in
or der to con sider their de vel op ment and com po si tion.

The Car bon if er ous trans gres sion in vaded the Małopolska
Block from the north on the mor pho log i cally var ied sur face
formed dur ing the Bretonian Phase of the Variscan orogenic cy -
cle; thus, the Lower Car bon if er ous sed i ments rest on var i ous
units span ning from Pre cam brian to De vo nian (Buła, 2000; Buła 
and Habryn, 2011). The Car bon if er ous strata, pre served mainly
in de pres sions and on slopes, rep re sent stages from the
Tournaisian to Visean and lo cally to the Namurian A (Jawor and

Baran, 2004). They are de vel oped as three lithologically dif fer -
ent suc ces sions: clastic-car bon ate, car bon ate and clastic (Culm)
(e.g., Moryc, 1987, 1992, 1996, 2006; Jawor and Baran, 2004).
The Tournaisian clastic-car bon ate suc ces sion is built of rocks
from shale to coarse-grained quartz arenite with in ter ca la tions of
car bon ate, while in the suc ceed ing Lower Visean car bon ate suc -
ces sion terrigenous ma te rial does not ex ceed a few per cent. The
Visean clastic strata are de vel oped in the Culm fa cies as dark
shales and mudstones with in ter ca la tions of sand stone. These de -
pos its con tain nu mer ous charred plant frag ments that reach con -
sid er able size (Jawor and Baran, 2004). The Up per Car bon if er -
ous de pos its over ly ing the Culm were drilled only lo cally (Jawor
and Baran, 2004). Up per Visean-Namurian A strata are up to
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Fig. 10. Dis so lu tion fea tures and etch pits on heavy min eral sur faces

A – rounded tour ma line with small etch hack saw ter mi na tions, B – gar net frag ment with dis so lu tion fac ets and gaps af -
ter solid in clu sions, C – rounded kyan ite with small hack saw ter mi na tions, D – ir reg u lar frag ment of staurolite with etch 

pits on smooth, conchoidal frac tures; SEM im ages 



500 m thick now, but ac cord ing to Jawor and Baran (2004) they
may have been much thicker and move widely dis trib uted be fore 
ero sion. Dur ing the new phase of trans gres sion (Late
Permian–Triassic) de pos its rang ing from con glom er ates to
shales ac cu mu lated. The Car bon if er ous–Perm ian strata of the
Małopolska Block ex posed to the north of the Krzeszowice
graben, in the west ern part of the area, rep re sent a com po si tion
sim i lar to the Stephanian Kwaczała Ar kose from the Up per
Silesian Block. The main con stit u ents of these rocks are quartz,
K-feld spar, si li ceous rock frag ments and mica (Siedlecka and
Krysowska, 1962). Fur ther to the east of the re gion oc cur strata
termed the Karniowice sand stones. Their min eral com po si tion is 
also sim i lar to the Kwaczała Ar kose al though the min eral pro -
por tions and fea tures dif fer, in di cat ing that they rep re sent re -
worked clastic ma te rial of the ar kose (Siedlecka and Krysowska, 
1962).

Clastic sed i men ta tion in the Moravian-Silesian Ba sin, in ter -
rupted by ep i sodes of car bon ate sed i men ta tion, lasted mainly
from the De vo nian to the Perm ian (Unrug and Dembowski,
1971; Buła, 2000 and ref er ences therein). The De vo nian–Lower
Namurian A flysch se quence (Kotas, 1982) is over lain by the
Car bon if er ous coal-bear ing suc ces sion, which is sub di vided into 
paralic and the limnic se quences (e.g., Unrug and Dembowski,
1971; Kotas, 1982; Buła and Krieger, 2004). The paralic se -
quence is in ter preted as the sed i ments of a deltaic sys tem in flu -
enced by flu vial, limnic, la goonal and ma rine pro cesses (e.g.,
Unrug and Dembowski, 1971; Gradziński et al., 2005). The suc -
ceed ing limnic se quence is sub di vided into three sed i men tary

units (Stopa, 1967; Dembowski 1972; Kotas, 1982): the Up per
Silesian Sand stone Se ries (Namurian B–C), the Mudstone Se ries 
(Westphalian A–B) and the Kraków Sand stone Se ries
(Westphalian C–D). The Up per Silesian Sand stone and the
Kraków Sand stone units are com posed mainly of sand stone,
con glom er ate and coal. Fine-grained de pos its dom i nate in the
Mudstone Se ries, while the coal seams are rare. The depositional
en vi ron ment of the limnic se quence is gen er ally in ter preted as a
con ti nen tal cover de pos ited on an al lu vial plain (Unrug and
Dembowski, 1971). The Mudstone Se ries rep re sent the de pos its
of me an der ing rivers (Doktor and Gradziński, 1985; Gradziński
et al., 2005), while the Kraków Sand stone Se ries is be lieved to
have been formed on an al lu vial plain by a braided river in clud -
ing chan nels and floodplains (e.g., Gradziński et al., 1995, 2005;
Doktor, 2007). Clastic de pos its of the paralic strata are chiefly
rep re sented by pelites and fine- to coarse-grained sand stones:
compositionally lithic arenites, sublitharenites and subarkoses
(Świerczewska, 1995), con glom er ates and pyroclastic ma te rial.
Rock peb bles found in the paralic strata are rep re sented by meta -
mor phic rocks such as gneiss es and quartz-mica schists,
granitoids and pegmatites, quartz arenites and cherts. The rock
peb bles from the up per part of the limnic strata (Kraków Sand -
stone Se ries) rep re sent gen er ally sim i lar pro por tions and types of 
meta mor phic and sed i men tary rocks but in re la tion to the paralic
strata they in clude granu lites and are en riched in volcanogenic
peb bles (Paszkowski et al., 1995 and ref er ences therein). The
Variscan sed i men tary cover fol low ing the limnic se quences is
rep re sented by the Kwaczała Ar kose and Perm ian de pos its. The
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Fig. 11. Sub-Ce no zoic geo log i cal struc tures of the Up per Silesian and Małopolska blocks and the Carpathian Foredeep 
with out line of the Paleocene–Oligocene po si tion of the north ern mar gin of the Skole Ba sin (based on Oszczypko and Salata, 2005 

and Oszczypko et al., 2006 and ref er ences therein)



grain frame work of sand stones is built mainly of quartz and
K-feld spars but rock clasts oc cur as well (Świerczewska, 1995).
Among crys tal line peb bles oc cur ring in the ar kose, vein quartz,
silicic plutonic and vol ca nic rocks as well as gneiss es and mica
schists are the most abun dant (Turnau-Morawska and Łydka,
1954; Paszkowski et al., 1995), while in the Perm ian de pos its
var i ous vol ca nic rocks, termed by Heflik and Siedlecka (1962)
and Siedlecka (1964) quartz or non-quartz por phy ritic rocks
(rhyolites? and dacites?) and tuffs have been found. 

The up per sur face of the Car bon if er ous in the Up per
Silesian Block was formed dur ing pre-Perm ian (Variscan oro -
gen esis) and es pe cially dur ing intense pre-Mio cene (Al pine
oro gen esis) di a strophic move ments and ero sive pro cesses
(Buła and Krieger, 2004). Ex ten sive ero sion as so ci ated with
these move ments dras ti cally re duced the Car bon if er ous strata,
which are pre served mostly in de pres sions and on slopes of lo -
cal el e va tions. Dur ing the early Oligocene, the Car bon if er ous
eroded ma te rial was most prob a bly trans ported to the
Carpathian bas ins bound ing the Up per Silesian and
Małopolska blocks. This idea is sup ported by nu mer ous find -
ings of Car bon if er ous coal clasts in the Cre ta ceous and
Paleogene de pos its of the Silesian, Subsilesian and Skole
flysch suc ces sion (Turnau, 1962, 1970; Kotlarczyk and
Śliwowa, 1963; Kotlarczyk, 1979). The coal frag ments con tain 
Up per Car bon if er ous (mainly Westphalian but also Namurian)
micro spores and pol len known from the Up per Silesian Coal
Ba sin and the Bug De pres sion as well (Turnau, 1962, 1970;
Kotlarczyk and Śliwowa, 1963). They sug gest that the Car bon -
if er ous coal bas ins ex tended far to the south-east of the Up per
Silesian Coal Bas ins and may have been dis trib uted in a broad
area rang ing from the Up per Silesian Coal Ba sin to the Bug
De pres sion (Turnau, 1962, 1970) and sit u ated now un der the
Carpathian overthrust. 

Ig ne ous bod ies of Late Si lu rian and Car bon if er ous-Perm ian
age have been drilled in bore holes in the Małopolska and Up per
Silesian blocks on both sides of the Kraków–Lubliniec Fault
Zone (Żaba, 1999; Żelaźniewicz et al., 2008, and ref er ences
therein). They are mainly granitoids, tephrites (basanites),
trachybasalts, lam pro phyres, rhyolites and dacites in the mar -
ginal part of the Małopolska Block and dacites, bas alts, tephrites, 
lam pro phyres and gab bros in the Up per Silesian Block (Żaba,
1999 and ref er ences therein). Meta mor phic rocks such as gneiss -
es, am phi bo lites, var i ous schists and crys tal line lime stones, be -
long ing to the crys tal line base ment of the Up per Silesian Block,
have been found in the Rzeszotary–Kraków re gion. They are ac -
com pa nied by skarns and mar bles, which are re lated to Car bon -
if er ous–Perm ian magmatism. Re gion ally meta mor phosed rocks
of the Małopolska Block are rep re sented by the Pro tero -
zoic–?Lower Cam brian meta sedi ments de vel oped as phyllites or 
low tem per a ture schists (Żaba, 1999; Żelaźniewicz et al., 2008,
and ref er ences therein).

The Kliva Sand stone is poor in ex otic peb bles other than
Up per Car bon if er ous coal frag ments but the Babica Clay and
up per part of the Ropianka For ma tion (called also the
Inoceramian Beds) con tain blocks, peb bles and grains of
gneiss, mica schist and phyllite, De vo nian and Car bon if er ous
car bon ate and coal, Perm ian vol ca nic and Ju ras sic car bon ate
rocks (Kotlarczyk and Śliwowa, 1963). Al most all the  peb bles
are rounded ex cept for the coal frag ments and meta mor phic

and Up per Ju ras sic car bon ate clasts (Kotlarczyk and Śliwowa,
1963). Ac cord ing to these au thors, the Paleocene–Late
Oligocene north ern mar gin of the Skole Ba sin was built mainly
of De vo nian and Car bon if er ous strata, Pre cam brian meta mor -
phic rocks, which were lo cally over lain by Perm ian, Tri as -
sic–Mid dle Ju ras sic rocks and sub se quent strata. Nu mer ous
bore holes reach ing the north ern part of the base ment of the
Carpathian nappes made in the 20th cen tury seem largely to
sup port this hy poth e sis.

COMPARISON WITH THE EXISTING HEAVY MINERAL DATA

In ves ti ga tors deal ing so far with the sub ject of heavy min er -
als from the Oligocene strata of the Skole Nappe usu ally pub -
lished their data with ref er ence to the Menilite For ma tion sand -
stones or the Menilite-Krosno units (Jaskólski, 1931; Tokarski,
1947; Szczurowska, 1970, 1971, 1973). The pub lished heavy
min eral anal y ses were mostly con nected with drill ing pro jects
lo cated in the south-east ern sec tor of the Pol ish part of the
Skole Nappe (Szczurowska, 1970, 1971, 1973). Some data
come from sec tions of the Ukrai nian part of the nappe (e.g.,
Opir River Val ley; Tokarski, 1947). How ever, de tailed cor re la -
tion of the heavy min eral per cent ages from the sec tions stud ied
with the data in the lit er a ture is dif fi cult or some times im pos si -
ble, since pre vi ous in ves ti ga tors quoted weight percents in clud -
ing opaque min er als, or they did not pro vide in for ma tion about
per cent ages at all. In the Opir sec tion gar net, zir con, tour ma -
line, rutile, staurolite, an da lu site and kyan ite have been found
in the Menilite For ma tion, while ap a tite is not men tioned. Zir -
con dom i nates there in the heavy min eral frac tion, with gar net
and rutile in sec ond and third place re spec tively, while tour ma -
line and staurolite oc cur in amounts of less than 10% (Tokarski, 
1947). Szczurowska (1971) men tioned that the Kliva Sand -
stone in cludes higher amounts of zir con than the sand stones in
the up per part of the Menilite-Krosno Se ries but the de scrip tion 
lacks de tailed data. Sand stones oc cur ring in shales of the
Menilite For ma tion near Rudawka Rymanowska con tain com -
par a tive amounts of gar net and tour ma line, slightly less zir con
and mi nor amounts of staurolite (Jaskólski, 1931). 

The source rocks of the Oligocene sand stones stud ied (see
the chap ter: Po ten tial source ar eas) should be re ferred to mostly 
sed i men tary rocks of the Małopolska and Up per Silesian
blocks, mainly the Car bon if er ous and Perm ian clastic rocks. As 
noted in the pre vi ous sec tion, they prob a bly oc cu pied a much
larger area than to day (Fig. 11), be fore the Oligocene and sub -
se quent ero sion. It is also pos si ble that they were ex posed ex -
ten sively in the mar gin of the ba sin that is now deeply
subducted un der the Carpathians. 

The avail able data on heavy min er als from the Car bon if er -
ous clastic rocks oc cur ring in the Up per Silesian Block are
scarce and re fer chiefly to the Kraków Sand stone Se ries
(Krysowska, 1959; Krysowska et al., 1960; Żachuń, 1996) or
the Kwaczała Ar kose (Turnau-Morawska and Łydka, 1954).
Com piled heavy min eral data in these ref er ences show that the
heavy min eral as sem blages oc cur ring in the Up per Car bon if er -
ous strata of the block con sist of the same min er als as those
found by us in the Menilite For ma tion. The sim i lar i ties con cern 
also the col our and mor phol ogy of zir con, tour ma line and gar -
net grains. The main dif fer ence deals with the con tri bu tion of
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ap a tite. The min eral is com mon in the Car bon if er ous strata of
the Up per Silesian Block, reach ing sev eral per cent. How ever, a 
grad ual de crease in ap a tite was no ticed in the youn ger beds of
the Kraków Sand stone Se ries (Krysowska et al., 1960 and ref -
er ences therein). The Perm ian-Car bon if er ous clastic rocks of
the Kraków re gion (the Kwaczała Ar kose and the so called
Karniowice sand stones; Łydka, 1955; Siedlecka and
Krysowska, 1962) are sim i lar in terms of heavy min er als to the
cor re spond ing strata of the neigh bour ing Up per Silesian Block, 
though a grad ual de crease in less sta ble min er als and in ap a tite
con tent may be no ticed to wards the east ern parts of the Kraków 
re gion (Siedlecka and Krysowska, 1962). This fea ture al lowed
Siedlecka and Krysowska (1962) to draw the con clu sion that
sand stones oc cur ring in the Kraków area par tially rep re sent re -
worked ma te rial of the Kwaczała Ar kose. The heavy min eral
as sem blages of the sand stones cor re spond well with those
stud ied in the Menilite For ma tion, es pe cially con cern ing their
habit and op ti cal fea tures as well as their ap a tite con tent.

HEAVY MINERAL CONSTRAINTS

The com po si tion of heavy min eral frac tions is sim i lar in all
the sam ples stud ied, ir re spec tive of the two chan nel zones rep -
re sented by the sec tions stud ied. Sam ples rep re sent ing the
Łańcut Chan nel Zone have gen er ally com pa ra ble fre quen cies
of the main min er als. The per cent age dif fer ences be tween sam -
ples do not cor re late with a spe cific lo cal ity and are in sig nif i -
cant for prov e nance con sid er ations. Nev er the less, el e vated
pro por tions of rutile in re la tion to the re main ing min er als but
es pe cially in re la tion to gar net and, to a lesser ex tent staurolite,
are char ac ter is tic of sam ples col lected from the Hermanowa 1
sec tion (H1–H8) re lated to the Rzeszów Chan nel Zone. This
does not con cern other sam ples rep re sent ing the same chan nel
zone col lected in the vi cin ity of the Hermanowa 1 out crop
(Fig. 1). Two rea son able pos si bil i ties may ex plain the high
rutile con cen tra tion: 1) there was a sud den de liv ery of ma te rial
rich in rutile from an eroded source area and 2) the rutile con -
cen tra tion is a con se quence of com plex hy drau lic pro cesses af -
fect ing min eral set tling. As the other sand stones rep re sent ing
the same time in ter val and oc cur ring close by (see Figs. 1
and 2) do not con tain so much rutile and so lit tle gar net the first
idea seems to be the least prob a ble while the sec ond one is
worth dis cus sion. The sand stones oc cur ring in the Hermanowa
1 sec tion rep re sent silt to very fine grained, very well-sorted
sand, while all the other sand stones sam pled within the
Rzeszów Chan nel Zone are me dium grained and well- to mod -
er ately sorted. One of the most im por tant fac tors in flu enc ing
the con cen tra tion of heavy min er als in sands is their hy drau lic
be hav iour dur ing trans port. It is strongly af fected by mode of
trans port, sort ing mech a nisms as well as grain shape, den sity
and size (e.g., Mange and Mau rer, 1992; Mor ton and
Hallsworth, 1999; Cascalho and Fradique, 2007). All these fac -
tors may dis tort the ini tial prov e nance sig nal. Rutile has a dif -
fer ent shape and den sity than gar net, staurolite and the re main -
ing min er als, thus its set tling po ten tial is dif fer ent. Be sides,
rutile of ten oc curs as small grains while gar net and staurolite
fre quently occure as large grains (Mange and Mau rer, 1992).
Nev er the less, the clastic ma te rial of the sand stones stud ied
most prob a bly un der went con sid er able re cy cling. There fore,

the high rutile con cen tra tion in the Hermanowa 1 sec tion seems 
to be a com bi na tion of sev eral fac tors, al though as the prob lem
con cerns only the very fine-grained sand stones the grain size
dis tri bu tion seems to be sig nif i cant.

Euhedral zir cons, tour ma lines and kyan ite as well as lo cally 
found euhedral gar nets most prob a bly de rive di rectly from the
par ent rocks and their peb bles, while the rounded grains seem
to have more com plex prov e nance. The high de gree of round -
ness and the smooth sur face of prev a lent min er als sug gest three 
pos si ble mech a nisms of their ac cu mu la tion: (1) long trans -
portat from a pri mary crys tal line rock source in a cur rent-swept
en vi ron ment, (2) mul ti ple re cy cling of clastic ma te rial, i.e. or i -
gin from sed i men tary sources and (3) a com bi na tion of both re -
cy cling and trans port in an aque ous en vi ron ment. The suite of
the min er als stud ied is re sis tant to weath er ing and trans port and 
may sur vive sev eral cy cles of ero sion and sed i men ta tion. How -
ever, staurolite, kyan ite, gar net and tour ma line dis play sur face
fea tures of dis so lu tion, such as etch pits and hack saw ter mi na -
tions (Fig. 10) which in di cate that they un der went intrastratal
so lu tion dur ing burial diagenesis. Staurolite and kyan ite are sta -
ble in shal lowly bur ied strata. Kyan ite be comes un sta ble be low
1800 m, while staurolite dis ap pears be low 3100 m (Mor ton,
1984). Cor ro sion tex tures ap pear on their sur faces in be tween
these depths as an ef fect of high-tem per a ture pore fluid ac tion
lead ing con se quently to dis so lu tion (Mor ton, 1984; Mor ton
and Hallsworth, 2007 and ref er ences therein). Etch pits on tour -
ma line sur faces may be con nected with burial in sand stones
con tain ing hy dro car bons rich in H2S (Mor ton and Hallsworth,
1999). Since the etch pits ex ist on rounded grains, it is dif fi cult
to de ter mine un am big u ously if these formed in the source area
or dur ing burial in the Skole Ba sin. Nev er the less, the de pos its
sam pled are very poorly ce mented, if at all, so diagenesis seems 
not to be ad vanced. There fore, diagenetic dis so lu tion fea tures
vis i ble on the rounded grains ap pear to be in her ited from source 
rocks than due to burial. Ad di tion ally, the fact that staurolite
and kyan ite are cor roded yet still re main sug gests lim ited burial
depth in the source area.

The low amount, or ab sence, of ap a tite in the heavy min eral
as sem blages stud ied is strik ing. Three hy poth e ses to ex plain ing 
this are pos si ble: (1) ap a tite was not pres ent in pri mary rocks,
(2) its loss was caused by diagenetic con di tions, or (3) it un der -
went al most com plete weath er ing dur ing stor age pe ri ods in a
source area or dur ing de po si tion be fore fi nal burial. A to tal lack 
of ap a tite in the pri mary rocks seems to be the least prob a ble
idea, as nu mer ous meta mor phic or ig ne ous rocks con tain this
min eral (e.g., Nash, 1984; Deer et al., 1992; Chang et al., 1998). 
Ap a tite is also be lieved to be re sis tant to burial pro cesses and
rather de vel ops sec ond ary overgrowths than un der goes dis so -
lu tion (Mor ton and Hallsworth, 1994, 1999; Turner and Mor -
ton, 2007). The Cre ta ceous and Paleogene flysch sand stones of
the Magura Nappe, for ex am ple, con tain sig nif i cant amounts of 
this min eral al though its host sed i ment un der went mul ti ple re -
cy cling and deep burial diagenesis (Oszczypko and Salata,
2005). How ever, ap a tite is un sta ble in the weath er ing zone, es -
pe cially dur ing al lu vial stor age in well-veg e tated hu mid en vi -
ron ments, as is man i fested in cor ro sion fea tures on grain sur -
faces (e.g., Mor ton, 1986; Mor ton and Hallsworth, 1994, 1999; 
Turner and Mor ton, 2007). More over, ap a tite tends to be re -
duced in coastal ma rine en vi ron ments and wholly re moved

816 Dorota Salata and Alfred Uchman



from flu vial and deltaic sed i ments (Mor ton and John son, 1993;
Mor ton and Hallsworth, 1994, 1999). The rare grains of ap a tite
iden ti fied are rounded as are most of the other grains but like
them dis play sur face fea tures in di cat ing dis so lu tion. The prob -
lem of the ab sence of ap a tite leads to the con clu sion that the
sed i men tary ma te rial of the sand stones stud ied was prob a bly
trans ported and/or stored in a hu mid al lu vial en vi ron ment prior
de po si tion and burial in the Skole Ba sin. The idea cor re sponds
well with the depositional en vi ron ment de ter mined for the Car -
bon if er ous strata of the Up per Silesian Coal Ba sin (see Doktor
and Gradziński, 1985; Gradziński et al., 1995; Doktor, 2007).
As noted above, the first signs of ap a tite dis so lu tion may be vis -
i ble in the Up per Silesian Coal Ba sin, which pre sum ably was a
pri mary site of its de po si tion. The ap a tite con tent de creases to -
wards youn ger Car bon if er ous strata of the ba sin (Krysowska et 
al., 1960 and ref er ences therein). Fur ther ap a tite dis ap pear ance
was noted to the east, in the re worked Car bon if er ous de pos its
of the Kraków area (Łydka, 1955; Siedlecka and Krysowska,
1962) and fi nally it is al most ab sent in the Menilite For ma tion,
rep re sent ing the lat est site of burial.

Dif fer ent pres er va tion states, de grees of round ness and col -
our va ri et ies re in forced by the pre lim i nary chem i cal anal y ses, in -
di cate that the heavy min er als stud ied might de rive from var i ous
rock type. Highly rounded grains most prob a bly de rive from
sed i men tary rocks such as sand stones or con glom er ates but they
may equally de rive from meta sedi ments. The lat ter idea is sup -
ported by the con tri bu tion of staurolite and kyan ite in the as sem -
blages. The chem i cal com po si tion of the gar nets sug gests mainly 
var i ous me dium grade but also high-grade meta mor phic bod ies
as their par ent rocks. The tour ma line chem is try points to meta -
mor phic as well as ig ne ous pri mary rocks. Rare euhedral grains
of zir con and tour ma line sug gest that the par ent rocks were ig ne -
ous and ig ne ous/meta mor phic bod ies sit u ated near to the Skole
Ba sin. The high de gree of round ness of min er als in di cates wa -
ter-borne trans port, while the lack of ap a tite sug gest al lu vial stor -
age be fore fi nal de po si tion in the Skole Ba sin. 

MODE OF TRANSPORT

Bukowy (1957) noted that Car bon if er ous and Up per Ju ras -
sic blocks and peb bles of low round ness from the Babica Clay
(Paleocene) de rived from a nearby land, while rounded peb bles 
were trans ported by a flu vial sys tem from re mote parts of the

land and de pos ited in a fore land of the Skole Ba sin prior to fi nal 
de po si tion. The co ex is tence of var i ously rounded terrigenous
ma te rial was ex plained by its si mul ta neous slump ing into the
deeper parts of the ba sin (Bukowy, 1957). The Kliva Sand stone 
does not dis play fea tures of such pro cesses; there fore, its sand
may have been trans ported by bot tom cur rents (Kotlarczyk and
Śliwowa, 1963). The fore land mar gins were ini tially steep, but
be came flat tened dur ing the Oligocene, when beaches de vel -
oped and clastic ma te rial was de liv ered by a flu vial sys tem
from nearby land (Kotlarczyk and Śliwowa, 1963). Ac cord ing
to Kotlarczyk (1976), the good sort ing and petrographic ma tu -
rity of the Kliva Sand stone at many lo cal i ties can be ex plained
by redeposition of ae olian sands, which ac cu mu lated in dunes
de vel op ing in a sub trop i cal cli mate on the Pre cam brian base -
ment and on its sed i men tary cover. These ideas cor re spond
well with the in ter pre ta tion of the ab sence of ap a tite in the
heavy min er als in ves ti gated, which was prob a bly dis solved
dur ing trans por ta tion or stor age be fore fi nal de po si tion. 

CONCLUSIONS

The source area for the Oligocene sand stones of the Skole
Nappe in the re gion of the Rzeszów and Łańcut chan nel zones
is re ferred to the Pa leo zoic sed i men tary cover (par tic u larly the
Car bon if er ous and Perm ian con glom er ates and sand stones), of
the Małopolska Block and partly of the Up per Silesian Block.
How ever, the idea that the older flysch strata of the Skole
Nappe and Pro tero zoic metasedimentary rocks also de liv ered
clastic ma te rial to the Skole Ba sin can not be ex cluded. The
strong rounding of heavy min eral grains was formed dur ing re -
peated re cy cling and/or in aque ous en vi ron ments be fore fi nal
burial in the Skole Ba sin. Rare euhedral grains of heavy min er -
als de rive most likely di rectly from pri mary source rocks,
which may have been ig ne ous bod ies in trud ing into the sed i -
men tary cover of the Małopolska and Up per Silesian blocks
and as so ci ated meta mor phic rocks.
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