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Detrital tourmaline as an indicator of source rock lithology: an example from the
Ropianka and Menilite formations (Skole Nappe, Polish Flysch Carpathians)
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Tourmaline populations studied from the Campanian—Maastrichtian part of the Ropianka (Upper Cretaceous—Paleocene)
and Menilite (Oligocene) formations of the Polish Carpathians, represent a mixture of first-cycle and polycyclic grains. The
tourmalines of the deposits studied display very strong resemblance in terms of optical features and chemical composition.
They belong mostly to the schorl-dravite series with a minor contribution of tourmalines of foititic or Mg-foititic composition.
Euhedral tourmalines originated from metasedimentary rocks, while the rounded grains crystallised in Li-poor granitic rocks
or in pegmatites, Al-poor and Al-rich metasedimentary rocks. Most of the tourmalines studied crystallised during a single ig-
neous or metamorphic event. However, tourmalines forming in evolving chemical conditions as well as polymetamorphic
grains (having a metamorphic detrital core and metamorphic overgrowths) are also present. The chemical composition of the
metamorphic tourmalines studied indicates their formation in medium-grade metamorphic conditions. This is supported by
the crystallisation temperature of the garnet-biotite inclusion present in one of rounded metamorphic tourmalines from the
Ropianka Formation. The euhedral grains derive from metasediments, directly from a massif located close to the Skole Ba-
sin. The scarcity of euhedral grains in the tourmaline populations studied suggests that their source rocks were poor in these
minerals. The direct sources of rounded tourmalines (most probably polycyclic grains), may have been Paleozoic and Meso-
zoic sedimentary rocks of the Skole Basin foreland or crystalline rocks of remote source areas. The initial igneous and meta-
morphic host rocks of the tourmalines may have been crystalline domains of the Bohemian Massif and/or the crystalline
basement of Brunovistulicum.
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INTRODUCTION

Tourmaline is a mineral often found as a constituent of
granites and associated pegmatites and regionally metamor-
phosed sedimentary rocks. However, it may be also a product
of diagenetic processes (e.g., Henry and Guidotti, 1985; Henry
and Dutrow, 1996; Dutrow and Henry, 2011 and references
therein; Hinsberg et al., 2011a, b). Tourmaline is sensitive to
physicochemical conditions in the host environment, reflecting
these in its chemical composition. Due to its high resistance to
weathering, mechanical abrasion and burial diagenesis, it pre-
serves in the sedimentary environment, being able to survive
multiple cycles of sedimentation (Morton and Hallsworth, 1999,
2007). The tourmaline crystallisation environment may be eluci-
dated using data obtained by means of the commonly available
electron microprobe. Igneous tourmaline can be discriminated
from metasedimentary tourmaline by means of molecular pro-
portions of Mg, Fe, Ca, and Al (Henry and Guidotti, 1985; Henry
and Dutrow, 1996) and also of fluoride ions and lithium content
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(Henry and Dutrow, 1996). Therefore, tourmaline is a valuable
mineral in source rock lithology determination, especially for
heavy mineral assemblages of ancient or reworked sediments,
usually depleted in highly diagnostic minerals, that are unstable
during burial diagenesis (e.g., Morton and Hallsworth, 1999,
2007).

This study of tourmaline populations presents analytical
data concerning this mineral in the Campanian—Maastrichtian
part of the Ropianka Formation (Upper Cretaceous—Paleo-
cene) and the Kliva and Boryslav sandstones of the Menilite
Formation (Oligocene). Recent data concerning tourmalines
from the Menilite Formation (Salata, 2013a) are supplemented
with additional details and combined with new data on tourma-
lines from the Ropianka Formation. The current work is a com-
pilation of analytical data and comparison of tourmaline occur-
ring in heavy mineral assemblages of the parts of the Ropianka
and Menilite formations studied. The data obtained enable de-
termination of the source rock lithology of the tourmaline popu-
lations studied and shed more light on their source areas possi-
ble location and lithology.

GEOLOGICAL SETTING AND SAMPLING

The Skole Nappe is situated at the northeastern margin of
the Outer Carpathians in Poland (Fig. 1A). It was a trough ini-
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Fig. 1. Geological maps with location of the profiles sampled for heavy mineral analyses: A — sampled
localities of the Boryslav and Kliva sandstones of the Menilite Formation (black circles); B — sampled
localities of the Ropianka Formation sandstones (red circles) (Salata and Uchman, 2013; Salata, 2013c)

Part A based on Kotlarczyk and Lesniak (1990); part B based on Wdowiarz (1949)

with modified descriptions of the lithostratigraphic units
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tially about 150 km wide (Gagata et al., 2012) that was bordered
by the European Platform in the north and by the Subsilesian
Ridge in the south (e.g., Ksigzkiewicz, 1962). The sediment fill
of the basin was folded and thrusted northwards during the Mio-
cene, and so the southern margin of the basin foreland lies now
beneath the Carpathian nappes, unavailable for direct investi-
gation. The palaeotransport directions show that the part of
Skole Basin studied here was supplied mainly from the north-
west during sedimentation of the Ropianka and Menilite forma-
tions (e.g., Ksiazkiewicz, 1962; Kotlarczyk, 1966, 1976;
Slaczka and Unrug, 1966; Bromowicz, 1974; Kotlarczyk and
Lesniak, 1990). Sediments in these formations are believed to
have been derived from the “Northern Marginal Cordillera” that
was situated somewhere at the longitude of the present-day lo-
cation of Tarnéw (e.g., Ksigzkiewicz, 1962; Unrug, 1979).
Therefore, the areas of the Skole Nappe studied, south-east of
Rzeszéw and tancut (Fig. 1), represent regions located close
to the southern margin of the Skole Basin foreland.

The Upper Cretaceous—Paleocene deposits of the Skole
Nappe are distinguished as the Ropianka Formation (called
also the Inoceramian Beds in the older literature; Kotlarczyk,
1978 and references therein). They are overlain by the upper
Paleocene—Eocene mudstone-dominated Variegated Shale
Formation and the Eocene Hieroglyphic Formation (Rajchel,
1990; Fig. 2). The deposits studied, sampled in the area SE of
tancut, belong to the Wiar and Leszczyny members of the
Ropianka Formation (Kotlarczyk, 1978), which were deposited
by density-flow currents. The sandstone-dominated sections
represent proximal parts of the depositional system (the chan-
nel facies of a submarine fan in the Manasterz, Huséw — Patria,
Huséw — Biedronidwka, Niewazka sections) and more distal
parts of the system (depositional lobes, interlobes or fan fringes
in the Huséw — Gaj, Huséw — Bakowiec, Huséw — Bagnisty
Stream, Rzeki — Ggszcz Stream, Tarnawka — le$niczéwka A, B,
Tarnawka 1-5, Tarnawka Quarry sections; Fig. 1B; for details
of sampled sections see Salata and Uchman, 2013). The sand-
stones of the Ropianka Formation, in the area studied, are
quartz-dominated but they contain also feldspars, lithic frag-
ments and subordinately mica, glauconite and coalified plant
debris. Among the lithic fragments, limestones and siliceous
rocks prevail. Additionally, igneous rocks, such as fine-grained
granitoids, dacites, mica-schists and gneisses, are also present
(e.g., Bromowicz, 1974, 1986 and references therein). The
sandstones represent mainly fine- to medium-grained and well-
to moderately-sorted sublitharenite and subordinate subarkose
types (Bromowicz, 1974).

The Oligocene and Lower Miocene infill of the Skole Basin
belongs to the Menilite and Krosno formations — the highest de-
posits of the sedimentary succession of the Skole Nappe
(Kotlarczyk, 1966; Kotlarczyk and Lesniak, 1990). The charac-
teristic rocks of the Menilite Formation are dark, black or brown
shales, though thick sandstone units are also present (Fig. 2).
Sandstones dominate in the Kliva and the Boryslav Sandstone
members, which were deposited as gravity-driven flows, mainly
in the Rzeszéw and tancut channel zones, but the Kliva sand-
stone types may be also found outside them (Kotlarczyk and
Lesniak, 1990). The sandstones for heavy mineral and the tour-
malines analyses were sampled in the deposits of the northern
parts of the channel zones (Fig. 1A; for details of sampled sec-
tions see Salata and Uchman, 2012). The Kliva and the Bory-
slav sandstone types are lithologically similar. They are quartz-
dominated, mostly fine- to medium-grained and well- to moder-
ately-sorted. Quartz is accompanied by feldspars and musco-
vite, and in some places by glauconite. Among clasts, coal
pieces, cherts and siltstones are common. The sandstones are
poorly cemented, mostly massive, rarely laminated (e.g., Zgiet,
1963; Kotlarczyk, 1966, 1976; Slaczka and Unrug, 1966).
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Fig. 2. Stratigraphic scheme of the Skole Nappe (based
on Gasinski and Uchman, 2009 and references therein)
with indication of the time-span intervals of the Ropia-
nka and Menilite formations studied (grey rectangles)

Fm. — formation, Mb. — member, Ss — sandstone, TRShMb
— Tréjca Red Shale Member, VSh — Variegated Shale,
ChSMb — Chmielnik Striped Sandstone Member

ANALYTICAL METHODS

The sandstones samples are weakly or very weakly consoli-
dated rocks in both formations. Therefore, the preparatory pro-
cedure to heavy-mineral separation included only gentle disin-
tegration and rinsing with water to clean off the clay fraction, fol-
lowed by sieving to obtain the 63—250 um fraction. The heavy
minerals were separated using the gravitational method in so-
dium polytungstate with a density of 2.9 g/cm3. The separated
heavy-mineral fraction was mounted in Canada balsam, and
described and counted using a polarising optical microscope. In
each sample, 200 to 300 grains of transparent, non-micaceous
minerals were counted, according to the ribbon method (Gale-
house, 1971). Mineral frequencies were calculated as number
percentages (Salata and Uchman, 2012, 2013).

Observations in the microfield and identification of mineral
inclusions in tourmaline grains were performed using a Hitachi
S-4700 Field Emission Scanning Electron Microscope in the
Laboratory of Field Emission Scanning Electron Microscopy
and Microanalysis, at the Institute of Geological Sciences,
Jagiellonian University, Krakéw. The chemical composition of
tourmalines, and garnet and biotite inclusions for thermometric
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data, was determined in carbon-coated, polished thin sections,
using a Cameca SX-100 electron microprobe (EMP), operated
in wavelength dispersion (WDS) mode, at the Joint-Institute An-
alytical Complex for Minerals and Synthetic Substances of
Warsaw University. The WDS analytical conditions were as fol-
lows: 15 kV accelerating voltage, 20 nA beam current and a fo-
cused beam. The following, synthetic and natural, mineral stan-
dards were used for calibration: Si (wollastonite and diopside),
Al and K (orthoclase), Cr (Cr,03), Ti (rutile), Mg (diopside), Fe
(Fe203), Mn (rhodonite), Ca (diopside and wollastonite), Na (al-
bite), F (phlogopite). Tourmalines were analysed using sin-
gle-spots (one or two spots per grain) as well as along tra-
verses. Tourmaline grains for single-spot microprobe analyses
were chosen randomly for electron analyses. Tourmalines for
traverse-analyses were handpicked under a stereomicroscope
and arranged in rows. To check chemical inhomogeneity, pre-
liminary traverse analyses were performed for tourmalines dis-
playing visible changes in colour and those looking homoge-
nous. Internal colour inhomogeneity, visible in transmitted light,
was also reflected as darker or lighter zones in back-scattered
electron images (BSE). Traverse analyses revealed that
change in chemical composition was displayed only by tourma-
lines that were non-homogenous in terms of colour. Therefore,
for homogenously-looking tourmalines only single or two-spot
analyses were made. In total, microprobe analyses were made
for 153 tourmaline grains in the Ropianka Formation and 123
grains in the Menilite Formation.

The amounts of B, H and Li were not measured in the tour-
malines. The contents of these elements were calculated using
stoichiometric constraints, assuming B = 3 apfu (atoms per for-
mula unit), OH + F =4 apfu, Li= 15— (T + Z + Y) and that all iron
is Fe?*. The structural formula calculations were normalised to
31 anions. Although the calculation method ignores oxy-tour-
maline species and means that the exact contents of non-mea-
sured elements and accordingly the calculated cation amounts
are not precise (in particular Li,O and H,O amounts are likely
overestimated), the results are sufficiently truthful for sedimen-
tary provenance interpretations (e.g., Henry and Guidotti, 1985;
Henry et al., 2011).

The garnet-biotite geothermometer of Holdaway (2000,
2004) was used to estimate the temperature of the garnet-bio-
tite inclusion and its host tourmaline crystallisation.

RESULTS

TOURMALINE CONTENT AND VARIETIES

Tourmaline belongs among the main constituents of heavy
mineral assemblages in the Ropianka and Menilite formations,
comprising amounts of 19-31% and 20-35% respectively. To
the remaining components, coexisting with tourmaline in the
heavy mineral assemblages studied, belong zircon, rutile, gar-
net, staurolite, Al,Os polymorphs (platy kyanite and less fre-
quently andalusite; the latter detected only in the Menilite Forma-
tion), apatite, single grains of amphibole (found only in the
Ropianka Formation), epidote and Cr-spinel. By comparison, the
Ropianka Formation displays relatively higher amounts of zircon,
garnet and apatite, while the Menilite Formation contains more
kyanite and staurolite, whereas apatite is almost absent. The zir-
con—tourmaline—rutile index value (ZTR; Hubert, 1962) in both
formations varies across a broad range comprising 27-95% and
29-55% in the Ropianka and Menilite formations respectively.
Higher values of the ZTR index in the Ropianka Formation, in re-
lation to the Menilite Formation, result mainly from elevated zir-
con frequencies (Salata and Uchman, 2012, 2013).

In the tourmaline populations studied, the same and com-
parable amounts of tourmaline varieties are present both in the
Ropianka and Menilite formations. Considering the roundness
degree, three types of grains were distinguished in both forma-
tions (Salata and Uchman, 2013):

— euhedral crystals or fragments of them (Fig. 3A, B);

— subrounded grains (Fig. 3C, D);

— highly rounded grains (Fig. 3E).

Among these, grains with smoothed surfaces (Fig. 3A-E),
not displaying post-depositional diagenetic dissolution features,
are most frequent, but highly corroded ones (Fig. 3F) may be
also found. In terms of colour, brown and olive-brown, green,
blue and pink varieties occur in both formations studied (Salata
and Uchman, 2012, 2013). Rounded and subrounded brown
tourmaline grains are dominant comprising 30-60% and
10-30% of tourmaline populations respectively. Amounts of
rounded and subrounded green tourmaline reach 10%, while
pink and blue tourmaline is present rarely in individual samples,
in amounts lower than 1%. Among the angular and euhedral
tourmaline group, brown varieties are most typical comprising
up to 20%, while green tourmaline is less frequent, occurring in
amounts from 1 to 5%. Angular tourmaline fragments and
euhedral pink and blue tourmaline is very rare, less frequent
than 1%, and present only in a few samples (Salata and

Fig. 3. Tourmaline types in terms of their roundness degree

SEMimages: A, B —fragment of a euhedral crystal; C — fragment of a
prism with moderately rounded edges; D — tourmaline prism with
highly rounded edges but still distinguishable shape; E — highly
rounded grain; F — piece of tourmaline with advanced corrosion
microtextures
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Uchman, 2013). The tourmalines examined are mostly homo-
geneous in colour when seen in the transmitted light in Canada
balsam. The inhomogeneous tourmalines display various col-
our zonation patterns ranging from very regular oscillatory to ir-
regular and “patchy” (Fig. 4).

TOURMALINE COMPOSITION

The microprobe analyses have revealed that the chemical
composition of the tourmalines analysed from the Ropianka
and Menilite formations is very similar. The dominant cation oc-
cupying the X-site in the greater part of the tourmaline studied,
both chemically homogeneous and zonal, is Na, the amounts of
which vary mostly in the range of 0.4-0.9 apfu (Fig. 5 and Ap-
pendices 1-3%). The Ca content is usually lower than 0.2 apfu
but over a dozen tourmalines of the Ropianka Formation dis-
play slightly elevated values, compared to the Menilite Forma-
tion, amounts of this element reaching up to 0.5 apfu (Fig. 5).
The potassium content is subordinate, not exceeding 0.02 apfu.
The tourmalines display X-site vacancy (X,sc) values generally
lower than 0.5, which enables one to classify them to the alkali
primary group. Only few grains, with X4 slightly above 0.5, be-
long to the X-vacant group (Fig. 5; Henry et al., 2011).

The dominant divalent cations in the Y-site position of the
tourmaline structure are Fe and Mg, the amounts of which, and
accordingly the Mg/(Mg + Fe) ratio values, vary in a very broad
range from nearly 0.0 to over 0.8 (Fig. 5 and Appendices 1-3).
Therefore, most of the tourmaline represents the schorl-dravite
series. The infrequent Fe- and Mg-rich tourmaline, with ele-
vated Al contents, displays foititic and Mg-foititic composition
respectively (Fig. 5 and Appendices 1-3). Such a composition
was established in the population of homogeneous tourmaline
and in zones of some zonal tourmalines (Fig. 6 and Appendices
1-3). The scarce euhedral tourmaline or grains with slightly
rounded edges display dravitic composition or compositions
changing from schorl in the central part to dravite in the rim
(grains M_t3_rz1, R_t10_rz1, R_t12_rz1; Fig. 6 and Appendi-
ces 2, 3). The fluoride ion, Ti as well as the calculated Li
amounts in all tourmalines are very low and do not exceed
0.3 apfu, while the remaining Mn and Cr contents mostly do not
exceed 0.04 apfu (Appendices 1-3). The tetrahedral position is
mostly fully occupied by Si, while Al, if present, is usually much
lower than 0.2 apfu (Appendices 1-3).

The tourmaline that is homogeneous in colour does not dis-
play chemical zoning either, while in tourmaline that shows dis-
tinct changes of colour, fluctuations in Fe and Mg content and,
less frequently, in Ca, Na (Fig. 6 and Appendices 2, 3) or Al
amounts (Appendices 2, 3), were observed. Such a change in
the content of elements between colour zones often does not
influence affiliation to a mineral species, even if the visual col-
our change between zones was pronounced (Figs. 4, 6 and Ap-
pendices 2, 3). However, in several grains, the composition of
tourmaline changes through their cross-sections. In such
cases, mainly schorl < dravite and less frequently schorl <
foitite or combinations of schorl « foitite <> dravite transitions
were observed (Fig. 6 and Appendices 2, 3). Two grains, la-
belled R_t5 rz5 and R _t7_rz2 from the Ropianka Formation,
seem to display complex structure with an older detrital core
and subsequent rim (Fig. 4). The former grain displays dravitic
composition in the core and schorlitic in the rim, while in the lat-

ter grain the compositional change is reversed (Fig. 6 and Ap-
pendix 2).

The tourmaline studied contains numerous solid inclusions.
To the most typical belong quartz, TiO, polymorphs, zircon, bio-
tite and monazite (Fig. 7A-D). Less frequently inclusions of
Fe-oxides, apatite, pyrite, calcite, feldspar, titanite and garnet
occur. An inclusion of coexisting almandine garnet and biotite
(Appendix 4) was found in a certain tourmaline of dravitic com-
position (R_t13_rz3) in the Ropianka Formation (Fig. 7E). The
crystallisation temperature of the garnet-biotite inclusion, esti-
mated with the use of the garnet-biotite geothermometer of
Holdaway (2000, 2004), was 511 + 20°C (Appendix 4).

DISCUSSION OF TOURMALINE PROVENANCE

GENERAL REMARKS

Chemical analyses revealed that granitic and metamorphic
tourmalines occur in the tourmaline populations analysed (Fig.
8A), but the latter prevail in both formations. Granitic tourma-
lines comprise 41% and metamorphic tourmalines 59% of total
tourmaline grains examined in the Ropianka Formation, where-
as they comprise 38 and 62% in the Menilite Formation, respec-
tively. The data show that the tourmalines originate from litholo-
gically very similar source rock types. The igneous tourmalines
represent Li-poor granites or associated pegmatite bodies,
while the group of metamorphic tourmalines originate from
Al-poor and Al-rich metasedimentary rocks (Fig. 8A), as indi-
cated by contents of Al, Fe and Mg. Additionally, the low con-
tents of Al in the T-sites and X, values ranging from
0.2-0.5 apfu, of tourmalines from both formations studied, plot-
ting in the field of Al-rich metapelites, indicate their cry-
stallisation below temperatures of about 700°C (Henry and
Dutrow, 1996). This is supported by the crystallisation tempera-
ture calculated as 511 + 20°C of the garnet-biotite inclusion
present in a metamorphic tourmaline grain from the Ropianka
Formation (R_t13_rz3; Figs. 4, 7E and Appendix 4). Most of the
chemically zoned metamorphic and igneous tourmalines ap-
pear to have formed during stable crystallisation conditions, as
points denoting their composition plot close to each other in the
environmental diagram (Fig. 8A). Only some points reflecting
the chemistry of tourmalines and displaying distinct chemical
change (mainly in the Al and less frequently in the Mg or Fe con-
tents) plot in different fields of the provenance diagram (Fig.
8A). This may indicate that the crystallisation environment
evolved during formation of the tourmalines, fingerprinting the
tourmaline composition. Such a change in the tourmaline popu-
lation of the Ropianka Formation was observed mainly for some
metamorphic tourmalines, the discrimination points of which
move between fields denoting Al-undersaturated and Al-satu-
rated conditions (Fig. 8A). The situation is more complex for
some tourmalines of the Menilite Formation, the chemistry of
which suggests that their crystallisation conditions were chang-
ing between igneous and Al-undersaturated and Al-saturated
metamorphic environments (grains M_t19_rz3, M_t9_rz3; Fig.
8A). The scarce euhedral grains analysed in both formations
originate from metapelites (Fig. 8A). The lack or very low con-
tent of tetrahedral Al and the X, values ranging from
0.2-0.3 apfu (Appendices 2 and 3) suggest medium-grade

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/9q.1133
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Fig. 4. Representative tourmaline grains of the Ropianka (grain labels start with R) and Menilite
(grain labels start with M) formations showing typical colour and zonation patterns

Lines denote location of traverses during microprobe analyses and dots with numbers, stand for ana-
lytical spots; they correspond with the diagrams shown in Figure 6; thin section, plane-polarised light

metamorphic conditions during their crystallisation (Henry and
Dutrow, 1996). The two grains from the Ropianka Formation
that have detrital cores (R_t5 _rz5, R_t7_rz2) display a similar
provenance. Points denoting the chemistry of the detrital cores
of these grains plot in the field of Fe*-rich quartz-tourmaline
rocks, calc-silicates and metapelites, while points denoting
overgrowth composition are located in fields indicating prove-
nance of the tourmalines from metapelites (Fig. 8A).

The coexistence of variously etched and highly rounded,
subrounded and fresh euhedral grains suggests mixed first-cy-

cle and polycyclic provenance of the tourmalines studied, thus
their origin should be considered separately.

EUHEDRAL TOURMALINE

The scarce euhedral tourmalines most probably represent
first-cycle delivery and come from a source massif located close
to the Skole Basin. According to older literature (e.g.,
Ksigzkiewicz, 1962; Unrug, 1979), during sedimentation of the
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Ropianka and Menilite formations in the area studied, such a
massif, the “Northern Marginal Cordillera”, was located in the
northwestern margin of the basin, which is indicated by palaeo-
transport directions (e.g., Ksigzkiewicz, 1962; Kotlarczyk, 1966,
1976; Slqczka and Unrug, 1966; Bromowicz, 1974; Kotlarczyk
and Lesniak, 1990). The discovery of pebbles and clasts of
gneiss and mica-schist in the Ropianka Formation, support the
existence of potential source rocks for tourmalines in this sou-
rce massif. However, the scarcity of euhedral tourmalines in the
deposits studied suggests that the metamorphic source rocks
building the cordillera were not rich in these minerals. Judging
by the tourmaline composition, the same rocks may have been

Na [apfu]

Fig. 5. Classification diagrams (according to Henry
et al., 2011) and composition of tourmalines from
the Ropianka and Menilite formations

a source for euhedral tourmalines of the Menilite Formation ei-
ther. However, deposits of the Kliva and Boryslav sandstone
members may represent, at least in part, palimpsest sediments
sensu McManus (1975) (Salata and Uchman, 2013).

ROUNDED TOURMALINE

The question of provenance of the rounded tourmaline popu-
lation is more complex. Tourmaline is highly resistant to both
chemical weathering and transport processes, thus may survive
long transportation over a few cycles of sedimentation. There-
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Fig. 6. Main element contents and compositional profiles along traverses in tourmaline grains shown in Figure 4

fore, the rounded tourmaline population may have been eroded
from clastic rocks of the Skole Basin foreland or from meta-
psammites present in the “Northern Marginal Cordillera”, in
which rounded tourmaline would represent inherited primary de-
trital grains. However, in both these cases tourmaline represents
polycyclic grains. Furthermore, the rounding may have been pro-
duced in coastal environments of the Skole Basin or during flu-
vial transportation from remote source areas. Nonetheless, the
presence of Carboniferous coal clasts, and clasts of Mesozoic
sedimentary rocks in deposits both of the Ropianka and Menilite

formations (Wdowiarz, 1949; Kotlarczyk and Sliwowa, 1963;
Nowak, 1963; Slaczka and Unrug, 1966; Bromowicz, 1974,
1986; Kotlarczyk, 1976; Rajchel and Myszkowska, 1998 and ref-
erence therein) support the idea of erosion of the sedimentary
cover of the Skole Basin foreland during sedimentation of these
formations. Taking into consideration the probable initial location
of the Skole Basin (e.g., Golonka et al., 2006) and the subse-
quent rotation of the Carpathian orogen, the area studied may
have been supplied from the sedimentary cover of the Mato-
polska Block and the eastern part of the Upper Silesian Block.
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Fig. 7. Typical mineral inclusion types present in tourmalines from the formations studied

Bt — biotite, Grt — garnet, Mnz — monazite, TiO, — TiO, polymorph, Zrn — zircon

Colour varieties of tourmalines occurring in the Upper Carbonif-
erous and Middle Jurassic clastic deposits of the Upper Silesian
and Malopolska blocks (e.g., Turnau-Morawska and tydka,
1954; Lydka, 1955, 1958; Krysowska, 1959; Krysowska et al.,
1960; Zachun, 1996) and the chemical similarity of the tourma-
lines studied to those occurring in the clastic infill of the pre-
Callovian Jurassic palaeokarst in the Krakéow-Wielun Upland
(Fig. 8B; Salata, 2013b), provide further evidence reinforcing this
idea. If the rounded tourmalines studied were derived from sedi-
mentary or metasedimentary (as inherited grains) rocks, the
question is where the protoliths, in which the tourmalines initially
crystallised, were located. The high resistance of tourmalines al-
lows a distant source area(s) for the rounded grains, but the
same feature makes establishing the location of it (or them) diffi-
cult and uncertain. The possible sources are remote massifs of
the Bohemian Massif and uplifted parts of the basement of
Brunovistulicum (including the part of that currently under the
Carpathians), which supplied Upper Carboniferous (e.g., Pasz-
kowski et al., 1995) and Mesozoic (e.g., Salata, 2013a and refer-
ences therein) clastic deposits of the Upper Silesian Block; the
material could have been dispersed also on the Matopolska
Block. A landmass located south of the Krakéw—Wielun Upland
was also suggested as a source for detrital garnet occurring in
the Middle Jurassic clastic deposits of the Krakéw area (Meéres et
al., 2012). The sedimentary rocks of the Upper Silesian and
Matopolska blocks subsequently comprised sources of a clastic
material deposited finally in the Skole Basin. However, tourma-
line was not reported as a constituent of crystalline rocks building
the basement of the Upper Silesian Block (e.g., Heflik and
Konior, 1970, 1972, 1974; Gorska and Heflik, 1975), but it cannot
be excluded that tourmaline occurs in that part of it that was
overthrusted by the Carpathians. By contrast, tourmaline is a
common constituent of rock bodies in the Bohemian Massif, cur-
rently exposed and available for comparative studies. The
rounded tourmalines studied display compositional resemblance
to tourmalines occurring in various metamorphic and igneous
bodies of the Moldanubian and Saxothuringian zones of the Bo-
hemian Massif, including the Sudetic part of it (Fig. 8B; e.g.,
Pieczka, 1996; Burianek and Novak, 2004, 2007; Novak et al.,
2004, 2013; Breiter et al., 2005; Staby and Kozlowski, 2005;

Zadek and Sulovsky, 2005; Novak, 2007; Copjakova et al.,
2009). The tourmalines studied are also alike in composition to
detrital tourmalines shown to be derived mainly from the Bohe-
mian Massif, occurring in deposits of the North Sudetic Syn-
clinorium and Fore-Sudetic Homocline (Fig. 8B; Biernacka,
2012; Kowal-Linka and Stawikowski, 2013). Therefore, both the
Bohemian Massif and a landmass(es) supplying the Carpathian
basins foreland with clastic material are equally possible as
sources, where the rounded tourmalines studied initially crystal-
lised. The provenance of the two polymetamorphic grains from
the Ropianka Formation (R_t5_rz5, R_t7_rz2) is more complex.
The metapelitic overgrowths of the tourmalines could have been
formed in metamorphic complexes of the cordillera located in
marginal parts of the Skole Basin, as the tourmalines are weakly
rounded. The detrital cores (locating in the field of quartz-tourma-
line rocks, calc-silicates or metapelites; Fig. 8A) of these two
tourmalines may have the same type of protolith as some tour-
malines from the Czatkowice palaeokarst infill (Salata, 2013a) or
from redeposited tourmalinites from the Western Carpathians
(Zacek et al., 2008 and references therein; Fig. 8B).

CONCLUSIONS

1. The detrital tourmalines, both euhedral and rounded,
from the Ropianka and Menilite formations display very strong
resemblance in terms of optical features and chemical compo-
sition. The tourmalines belong mostly to the schorl-dravite se-
ries with a minor contribution of tourmalines displaying foititic or
Mg-foititic composition.

2. The chemical composition of the tourmalines studied indi-
cates their crystallisation in Li-poor granitic rocks or pegmatites
and Al-poor and Al-rich metasedimentary rocks. Grains coming
from metasedimentary rocks prevail in tourmaline populations
of both the Ropianka and Menilite formations. Additionally, the
low content of tetrahedral Al and X-vacancy values of tourma-
lines derived from Al-rich metapelites shows medium-grade
metamorphic conditions of their formation. This is supported by
the crystallisation temperature of the garnet-biotite inclusion,
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present in a dravitic tourmaline grain from the Ropianka Forma-
tion. Furthermore, the tourmaline compositions indicates that
most of them crystallised during a single stable igneous or
metamorphic event. However, tourmalines formed in evolving
chemical conditions as well as poly-metamorphic grains are
also present.

3. Judging from the rounding, the tourmaline populations
studied represent a mixture of first-cycle and polycyclic grains.
Euhedral tourmalines representing the first-cycle delivery are
metasedimentary in origin and are derived from a source lo-
cated near to the Skole Basin (e.g., the “Northern Marginal Cor-
dillera”). The scarcity of euhedral grains in the tourmaline popu-
lations studied suggests that the source rocks were poor in
these minerals. The parent igneous and metamorphic rocks of
the rounded tourmalines may have been crystalline domains of

the Bohemian Massif and/or the crystalline basement of Bruno-
vistulicum. The sources initially supplied Upper Paleozoic and
partly Mesozoic clastic sediments deposited on the Upper
Silesia and Matopolska blocks, which became the ultimate
sources for the clastic material forming sandstones of the
Ropianka and Menilite formations.
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