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Ab stract: Com mon oc cur rences of terrigenic or ganic mat ter (both dis sem i nated and ac cu mu lated in lay ers) in
sed i men tary rocks were ob served. The flysch sed i ments in the Podhale Trough and in other parts of the
Carpathians are in ad e quately re cog nised from coal pet ro logic point of view.

Stud ies were car ried out in the east ern (2008) and west ern part (2009) of the Podhale Trough. Sam ples were
col lected from the ex po sures. Petrographic stud ies in cluded mi cro scopic ob ser va tions of pol ished sec tions as well
as mean ran dom reflectance mea sure ments of vitrinite (colotellinite) were done.

In the Podhale Flysch, coalified or ganic mat ter is rep re sented mostly by vitrinite and, in mi cro scopic scale,
mainly by collotellinite. The com mon oc cur rence of coaly mat ter is re vealed. It is well–vis i ble in sand stones and
mudstones, usu ally as the bed ding planes. The amounts of coaly mat ter in clay min er als and car bon ates are small.

Or ganic mat ter hosted in the Podhale Flysch strata rep re sents di ver si fied coalification ranks mea sured as
ran dom reflectance of vitrinite (colotellinite), which falls into the range from 0.49 to 1.00%. Such val ues are
typ i cal for low- to me dium ranks of bi tu mi nous coal. Mea sure ments of reflectance pro vided new data suit able for
eval u a tion of ther mal his tory of rocks in the Podhale Trough. The changes of vitrinite (colotellinite) mean
reflectance of or ganic mat ter from the Podhale Flysch are rel e vant to the con tents of crys tal line illite – the re cently 
ap plied geothermometer of diagenetic (katagenetic) trans for ma tions of clay min er als. If the ther mal palaeogra-
dient is known, ran dom changes of reflectance of vitrinite can be used for es ti ma tions of both the max i mum
thick ness of the Podhale Flysch dur ing de po si tion and its later amount of ero sion. It ap pears that es ti ma tion of ma-
x i mum thick ness of the Podhale Flysch (i.e., depositional thick ness af ter com pac tion) and the amount of ero sion
are al most iden ti cal with the es ti ma tions based upon the illitization of clay min er als.
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INTRODUCTION

Com mon oc cur rence of terrigenic or ganic mat ter (both
dis sem i nated and ac cu mu lated in lay ers) in sed i men tary
rocks to gether with the de vel op ment of mod ern, fast petro-
graphic meth ods of coalification rank mea sure ments re sult
in wide ap pli ca tion of such petrographic ob ser va tions and
mea sure ments in var i ous re search pro jects, e.g. of geotecto- 
nic his tory of par tic u lar re gions.

In the Podhale Flysch sed i ments, coalified or ganic mat -
ter is rep re sented mostly by vitrinite. Mea sure ments of vitri-
nite mean reflectance (Ro) en able the sci en tists to solve many 
tec tonic prob lems in both the orogenic belts and the plat -
forms as this pa ram e ter car ries in for ma tion on coalification
as a func tion of sed i ment burial within the Earth crust, co eval 
with de po si tion and with later orogenic ac tiv ity.

The flysch sed i ments in the Podhale Trough and in
other parts of the Carpathians, al though suf fi ciently re cog -
nised from the geo log i cal point of view, re veal many con -
tro ver sies and uncertaintities con cern ing their geotectonic
po si tion. Stud ies of vitrinite coalification pro vide new in -
ter pre ta tive op por tu ni ties, hence, rocks from the East ern
and West ern Carpathians, from the Tatra Mts., from the
Pieniny Klippen Belt and from the Podhale Trough are re -
cently in ten sively in ves ti gated. The lat ter de pos its are par -
tic u larly use ful due to sug gested low de gree of their tec -
tonic trans for ma tion (de spite their sig nif i cant thick ness –
sev eral thou sands of metres) and the po si tion be tween the
two young- Al pine orogens: the Pieniny Klippen Belt and
the Tatra Mts.



Even the pre lim i nary re sults re veal com pli cated diage-
netic his tory of the Podhale Flysch re flected in sig nif i cant
dif fer ences in coalification of con tained or ganic mat ter.

GEO LOG I CAL SET TING
OF THE PODHALE FLYSCH

The Palaeogene sed i ments of the Podhale Trough are
di vided into two lithostratigraphic units. The older unit
comprises shal low-ma rine car bon ates tra di tion ally named
”the Num mu lit ic Eocene”. It is fol lowed by the youn ger,
flysch unit named ”the Podhale Flysch” (see, e.g., Watycha, 
1959; Mastella, 1975).

The im me di ate base ment of the Podhale Flysch con sists 
of Eocene car bon ates which are in tec tonic con tact with the
High–Tatric and Sub-Tatric se ries, and which form the
north ern mar gin of the Tatra Mts. (Fig. 1, 2).

The Eocene car bon ates of to tal thick ness about 150 m
are ex posed only along the north ern mar gin of the Tatra
Mts. whereas the youn ger, Oligocene flysch strata, which
fill the Podhale Trough crop out at nu mer ous sites be tween
the Tatra Mts. and the Pieniny Klippen Belt.

In the north west ern part of the Podhale re gion. i.e., in
the Orawa por tion of the Nowy Targ–Orawa Trough a part
of the Podhale Flysch suc ces sion is un con form ably cov ered
by the Neo gene (Mio cene-Plio cene) intramontane mo las -
ses. This suite com prises huge al lu vial fans, sev eral hun -
dreds of metres thick (max i mum thick ness – 1,300 m),
which have been de pos ited since the Early Mio cene, af ter
the up lift of the Tatra Mas sif and the fold ing of the Podhale
Flysch. Their char ac ter is tic fea ture is the pres ence of coaly
mat ter (Ko³con & Wag ner, 1991).

The Podhale Flysch in cludes four lithostratigraphic
units (Gedl, 2000; Ry³ko, 2004): the Szaflary beds, the Za-
kopane beds, the Chocho³ów beds and the Ostrysz beds.

 The old est unit – the Szaflary beds (Fig. 3) –  oc curs in
the north ern part of the Podhale Trough but it is ab sent from 
the south ern part, at the con tact with the Eocene lime stones.
These are mostly sand stones in the lower part (about 300 m
thick), sand stones and shales (about 200 m thick) or sandsto-
nes and con glom er ates in the up per part with the dom i nance
of mudstones and claystones over sand stones (Fig. 4). The
sand stones are fine-grained and thin-bed ded (0.1–3.0 m). In
the up per part of the suc ces sion, among claystones, the si lici -
fied shales of menilite type oc cur.

Both the con glom er ates and the sand stones of the
Szaflary beds con tain lime stone grains de rived from the
Pieniny Klippen Belt whereas the flysch strata in clude full
tur bid ity se quences iden ti fied as prox i mal flysch. Com mon
com po nent of the Szaflary beds is plant de tri tus and even a
few-centi metres-thick coal lay ers.

Scarce foraminifers iden ti fied in the Szaflary beds point 
out to Late Eocene age, but dinocysts ob served in the youn -
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Fig. 1. Geo log i cal sketch map of the Podhale Trough with
lithostra tig ra phy of the Podhale Palaeogene Flysch and gen eral
cross-sec tion (A – A ) through the Podhale Trough (af ter Cho-
waniec, 1989; Chowaniec & Kêpiñska, 2003. In: Krobicki & Go-
lonka, 2008; slightly mod i fied)

Fig. 2. Lithostratigraphic cross sec tion (A – A, Fig. 1) of the
west ern part of the Podhale Trough (af ter Gedl, 2000. In: Krobicki
& Golonka, 2008). PKB – Pieniny Klippen Belt

Fig. 3. Lithostratigraphic col umn of the Podhale Flysch in the
im por tant parts of the Podhale Trough (af ter Geld, 2000, also
Krobicki & Golonka, 2008, mod i fied)
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Fig. 4. Sedimentological fea tures of the Podhale Flysch. A – Thin-bed ded Szaflary beds (Nowe Bystre vil lage); B – Folded Szaflary
beds in the con tact zone with the Pieniny Klippen Belt (Szaflary vil lage); C – Lower Chocho³ów beds in the Bia³y Dunajec River (near
Bia³y Dunajec vil lage); D – Break-thrust of Brzegi beds (Jurgów vil lage); E – Thin-bed ded Up per Chocho³ów beds (Kojsówka vil lage); F
– black shales of Zakopane beds (Zakopane-Olcza vil lage)



ger part in di cate the Early Oligocene (Watycha, 1976; Gedl, 
2000).

The Zakopane beds, known from the south ern and
north ern parts of the Podhale Trough (Figs 1–3), are dom i -
nated by clayey shales. Bas ing on the fre quency of shale oc -
cur rence, the lower, shale-dom i nated and the up per,
sandstone-shale-dom i nated parts were dis tin guished, of to tal
thick ness up to 300 m. The lower part in cludes dark (Fig. 4),
clayey and cal car e ous shales with rare in ter ca la tions of fine-
grained sand stones (up to 10 centi metres thick), lo cally grad -
ing into dolomites. The up per part com prises rhyth mi cally
interbedded, fine-grained sand stones and dark-grey, clayey
shales with rare do lo mite lenses.

In the Zakopane beds, typ i cal turbidites are scarce and
oc cur in strata rep re sent ing the up per Bouma se quences.
Coaly de tri tus is less abun dant in com par i son to the Szaflary 
beds. The thickness of the Zakopane beds is es ti mated as
300– 500 m (loc. cit). The foraminiferal as sem blage in di -
cates a Late Eocene-Early Oligocene age and it is sim i lar to
fauna of the Krosno beds in the Outer Carpathians, whereas
the dinocysts point out to the Early Oligocene.

The Chocho³ów beds con form ably rest upon the Zako-
pane beds. Two mem bers were dis tin guished: the lower one
(800–1,000 m thick) com posed of sand stones and con glom -
er ates, and the up per one (650 m thick) com posed of shales
and sand stones, and named “the Brzegi beds” (Fig. 4). The
bound ary be tween the Chocho³ów and Zakopane beds is
con ven tion ally placed where thick sand stone lay ers ap pear
in the top por tion of the Zakopane beds. The Chocho³ów
beds fill the cen tral part of the Podhale Trough (Figs 1, 2).
Their li thol ogy is dom i nated by fine- and me dium-grained
sand stones with rare con glom er ates, the lat ter con tain ing
de tri tal ma te rial eroded from the Tatric sed i men tary se ries.
The up per part (i.e., the Brzegi beds) com prises shales and
sand stones with thin lay ers of green ish mudstones and clay- 
stones, some times highly cal car e ous. Sand stones of the
Chocho³ów beds are thin – or me dium-bed ded, with graded
bed ding. The Chocho³ów beds are cat e go rized as so-called
nor mal flysch orig i nat ing from den sity cur rents (Roniewicz, 
1979). The age of the Chocho³ów beds is palaeontologically 
dated as the Early Oligocene (Dudziak, 1986).

The youn gest mem ber of the Podhale Flysch is named
the Ostrysz beds. Li thol ogy is dom i nated by sand stones.
Poor ex po sures cause the gen eral lack of palaeontological
doc u men ta tion known only from the vi cin ity of the Ostrysz
Hill (Fig. 1). From the lithological point of view the Ostrysz 
beds can be re garded as lo cal, sand stone-dom i nated va ri ety
of the Chocho³ów beds. The thickness of this mem ber rea-
ches 300 m but its top most part was pre sum ably re moved by 
ero sion (Watycha, 1976). The age of the Ostrysz beds was
de ter mined as the Early/Late Oligocene (Fig. 3). In Slo-
vakia, where this top most part was pre served, the age cor re -
sponds to the Late Oligocene break (Gross et al., 1980).

 The tec ton ics of the Podhale Flysch dis tinctly dif fers
from the other parts of the Carpathian orogen. These sed i -
ments oc cupy a vast synclinorium on both sides of the Tatra
Mas sif. In the Pol ish part (i.e. in the Podhale area) their tec -
tonic pat tern is sim ple. The sed i ments rest on site and form
an asym met ric synclinorium of steeply dip ping north ern
limb. Gen eral dip an gle is low (up to 15°, in cen tral part

from 0 to 10°). Only in nar row zones of the Pieniny Klippen 
Belt and, lo cally, close to the edge of the Tatra Mas sif, the
Podhale Flysch strata do dip at high an gle (even ver ti cally),
with some overthrusting from the south (close to the Tatra
Mts.) and from the north (bor der zone of the Pieniny Klip-
pen Belt).

The tec tonic pat tern of the Podhale Synclinorium in -
cludes par al lel zones of some what dif fer ent struc tures.
From the north these are:

 – the con tact zone with the Pieniny Klippen Belt – this
is a tec tonic con tact, the Num mu lit ic Eocene strata are ab -
sent, dips of flysch beds are steep with com mon overthrusts
and over turns caused by nu mer ous faults. The width of this
zone is vari able, usu ally a few kilo metres,

 – the bor der flex ure of the Pieniny Klippen Belt, 450–
600 m wide, with steep dips of flysch beds and nu mer ous
faults downthrowing the rocks to wards the south,

 – the zone of low dip an gles which, in the east ern part,
is a wide brachyanticline cut by nu mer ous, small faults,

 – the ax ial zone with low dip an gles and nu mer ous, lo -
cal folds,

More over, the bor der zone with the Tatra Mas sif can be 
dis tin guished, of tec tonic fea tures sim i lar to those bor der ing 
the Pieniny Klippen Belt, i.e. vari able dip an gles, north ward 
dip ping, mi cro-overthrusts and nu mer ous, small faults
downthrow ing the rocks to the north.

Ac cord ing to Mastella (1975), the prin ci pal tec tonic pat -
tern of the Podhale Synclinorium orig i nates from the Savian
phase of the Al pine orog eny. It was con trolled by ver ti cal
move ments of base ment blocks and the re sult ing two-stage
up lift of the Tatra Mas sif and the Pieniny Klippen Belt. At
the first stage, the ver ti cal move ments of base ment blocks
took place to gether with the for ma tion of par al lel dis lo ca tions 
whereas at the sec ond stage the me rid i o nal faults were
formed. The up lift of the Tatra Mas sif was most in ten sive in
the south ern part of the mas sif in Slovakia, along the east ern
seg ment of the Tatra Fault, whereas along the north ern bor -
der of the Tatras the ver ti cal move ments were less pro -
nounced. In the north ern part of the Podhale Trough, the up -
lift of the Pieniny Klippen Belt was very in ten sive, as re -
vealed by the con tact zone and the bor der flex ure.

METH ODS AND MA TE RI ALS TEST

De tailed field stud ies were car ried out in the east ern
(2008) and west ern part (2009) of the Podhale Trough, from 
the Czarny Dunajec River to wards the east ern state bor der,
and from the main Pieniny Fault close to Szaflary vil lage
(Figs 1, 7) to the tec tonic edge of the Tatra Mts. (the Cho-
cho³owska and the Bia³y Val leys). Sam ples were col lected
from the ex po sures. Ad di tion ally, the ar chi val sam ples were 
ana lysed, taken from ex po sures of the Zakopane beds in
Guba³ówka and Butorowy Hill near Zakopane town.

Petrographic stud ies in cluded mi cro scopic ob ser va tions 
of pol ished sec tions un der the re flected light (stan dard,
white and flu o res cent, blue) as well as mean ran dom reflec-
tance mea sure ments of vitrinite (colotellinite) in ac cor dance 
with the ICCP (In ter na tional Com mit tee for Coal and Or -
ganic Pe trol ogy) re quire ments.
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RE SULTS

Forms of oc cur rence and pe trog ra phy of coaly mat ter

Even very gen eral ob ser va tions of the Podhale Flysch
sed i ments re veal the com mon oc cur rence of coaly mat ter. It
is well vis i ble in sand stones and mudstones, usu ally at the
bed ding planes. In claystones and car bon ates the amounts
of coaly mat ter are lower.

Tak ing into ac count the forms of oc cur rence and the
size of par ti cles, the fol low ing types were dis tin guished
(Fig. 5):

– coal laminae of vari able thick nesses (from a frac tion
of a milli metre to about 5 cm, but 0.1–1.0 mm, in av er age);

– dis sem i nated coal de tri tus of vari able size (fine and
me dium-grained), en coun tered as dark lenses or streaks,
mainly at the bed ding planes of fine-grained sed i ments
(plant de bris). It is ac com pa nied by fine mus co vite flakes.
In claystones and car bon ates the coal de tri tus is dis sem i -
nated in the lay ers as an ac ces sory com po nent.

 Ac cu mu la tions of coaly mat ter are mostly thin, elon -
gated lenses of coal. Such forms were ob served mostly in
thin-bed ded sand stones and mudstones with dis tinct, flat or
cross-lam i na tion. Some times, ac cu mu la tion of laminae (15– 
45 vol.%) per mits to in clude such sed i ments to coaly rocks.
In the ex po sures such rocks are eas ily iden ti fi able due to
dark-grey color.

Both the lay ers and lenses of coaly mat ter are com posed 
of vitrinite. This maceral is black, with black streak and
glassy luster. Its typ i cal fea tures are dense con trac tion cracks, 
which re sult in cube cleav age. Un der the mi cro scope, the
prin ci pal com po nent of vitrinite lenses is colotellinite (colli-
nite), which forms two va ri et ies: colotellinite of typ i cal op ti -
cal prop er ties (vitrinite A, for ex am ple Fig. 6B–D) and
darker colotellinite (vitrinite B – Fig. 6F) of some what
lower mean reflectance, which forms ex tended, thin lenses.
Both va ri et ies show dis tinctly dif fer ent reflectance. In dar-
ker laminae ir reg u lar, mi cro scopic-size net work of lighter
va ri ety was ob served.

Rare com po nent of such vitrinite ag gre gates is tellinite,
al most al ways im preg nated with resinite or bituminite (Fig.
6A), fusinite (Fig. 6E) and clay min er als.

A typical ac com pa ny ing min eral in coal laminae is py -
rite, usu ally ob served as framboids and dis trib uted as more
or less dis tinct streaks in colotellinite (Fig. 6A–D, F). Lo -
cally, py rite oc cu pies the in ter nal parts of tellinite cells
and/or scarce microfossils. Apart from py rite, fine crys tals
of covel lite and bornite were ob served.

The dis sem i nated coaly mat ter en coun tered in claysto-
nes and sandy mudstones is a coaly de tri tus of dom i nat ing
<0.1 mm frac tion with rare larger grains, up to 0.3 mm
across. Larger ac cu mu la tions of coal de tri tus were typ i cally
ob served in dark-grey, coaly sand stones and mudstones as
well as in some claystones where they form coal laminae in -
ter ca lated with clayey laminae. Such mudstones and clay-
stones re veal flat lam i na tion orig i nat ing from sed i men ta tion 
of den sity flows in the dis tal part of abys sal plane.

The dis sem i nated coaly mat ter is com posed mostly of
vitrinite (colotellinite) and inertinite (inertodetrinite). Rare
com po nents are larger frag ments of fusinite, funginite and
resinite.

Among of dis persed coaly mat ter in these rocks, vitri-
nite forms two va ri et ies: dark (vitrinite A) and light (vitri-
nite B). Av er age size of iso met ric vitrinite grains in dis sem -
i nated coaly mat ter falls into the range from 5 to 30 µm; al -
though, as men tioned above, large (up to 0.3 mm), elon -
gated, poorly rounded or an gu lar grains of colotellinite were 
no ticed in sand stones.

Vitrinite reflectograms

Vitrinite reflectograms of rocks from the Podhale
Flysch show two dif fer ent peaks (marked as Ro I and Ro II)
within the range of val ues typ i cal for vitrinite. Both are
shifted to wards the higher val ues with the in creas ing coali-
fication of or ganic mat ter. These are:

 – Ro I peak: for low est coalification reflectance val ues
are from 0.38 to 0.44%, with the in creas ing coalification
peak val ues shifted to 0.49% for me dium rank and to 0.88%
for the high est rank,

 – Ro II peak: for low est coalification reflectance val ues 
are from 0.43 to 0.53%, for me dium rank of coal these shift
to 0.57% and to 0.98% for the high est rank.

 The main peak of colotellinite reflectogram marked as
RoII dom i nates the re corded plots. Mea sured to tal val ues
fall into the range from 0.49 to 1.00% (Ta ble 1).

Mi cro scopic stud ies re vealed that these peak val ues re -
sult ex clu sively from the pres ence of dif fer ent colotellinite
phases. 

The first peak of ran dom reflectance (Ro I) un doubt edly 
be longs to the so– called “dark vitrinite”. This phase forms
thin laminae and fine lenses. In the reflectograms re corded
at the scale com pa ra ble with the stan dard de vi a tion (DRo =
0.03%), the Ro I peak forms an iso lated max i mum shifted
to wards lower reflectance whereas at the stan dard re cord
(DRo = 0.05 %, i.e. half stage Ro) the max i mum does not ap -
pear but causes neg a tive skew ness.

This peak is al ways lower by 0.06-0.10%, in av er age,
from the main max i mum re corded in the ab so lute scale. The 
pres ence of both peaks re flects petrographic di ver sity of
vitrinite and re sults from the oc cur rence of liptinites within
the dark vitrinite, pre sum ably with resinite or bituminite,
which form sub mi cro scopic mix ture im preg nate colotelli-
nite. Such or i gin of dark vitrinite was pro posed by Newman
and Newman (1982). Ad di tion ally, the pres ence of bitumi-
nite seems to be in di cated by large amounts of framboidal
py rite within the colotellinite, which points out to re duc ing
depositional en vi ron ment. The or i gin of the Podhale Flysch
strongly fa cil i tated the for ma tion of dark telocollinite as
these sed i ments were de pos ited in the shelf zone, within the
range of so – called nor mal shales of the euxinic en vi ron -
ment (Mor ris, 1979).

Main peak of colotellinite reflectogram marked as RoII
dom i nates in the re corded plots. Some sam ples show pos i -
tive skew ness of this peak, which re sults from the pres ence
of lim ited ar eas of colotellinite of some what higher
reflectance (up to 0.05%) sur round ing framboidal py rite ag -
gre gates. Such vari abil ity can be ne glected in fi nal in ter pre -
ta tion.

Anal y sis of dif fer ences be tween the re corded peaks of
mode rate reflectance leads to the con clu sion that dark
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vitrinite peak should be suc cess fully treated glob ally in RoII 
peak from fi nal eval u a tion of this pa ram e ter in the stud ied
sam ples (Ta ble 1). The dif fer ence in re sults var ies from
0.03 to 0.07%, with av er age value of 0.05%.

The pre cise de ter mi na tion of vitrinite reflectance in
sam ples from the Podhale Flysch is par tic u larly im por tant
due to gen er ally low and me dium ranks of or ganic mat ter,
which, ac cord ing to re cent prin ci ples, is cat e go rized as bi tu -
mi nous coal D and C (see ISO 11760:2002) or, al ter na -
tively, as para- and orthobituminous coal (see ECE-UN/EN -
ERGY 50:2002). In clud ing the dark vitrinite into the eval u -
a tions, the re sult ing mean vitrinite reflectances of stud ied
coals and dis sem i nated or ganic mat ter fall into the range
from 0.49-0.50 to 1.00 % (Ta ble 1). Sim ple iden ti fi ca tion
fea tures in di cate that the rank of or ganic mat ter in the Pod-
hale Flysch cor re sponds to bi tu mi nous coal. More over,
mean reflectance val ues for or ganic mat ter from the Sub-
Tatric Se ries (Poprawa et al., 2004) and the Pieniny Klippen 
Belt (Wag ner, 1996), to gether with those from the Podhale
Flysch, seem to re flect a se quence of geotectonic events.

How ever, it is wor thy to note that al though nat u ral
bound aries are only rarely sharp, the for mal ap proach to all
geo log i cal bound aries (in clud ing the coal rank) is an im por -
tant and nec es sary tool in cat e go ri za tion of phe nom ena,
which is use ful in gen er a tion of co her ent schemes in na ture.

DIS CUS SION AND CONLUSIONS

Re gional changes in vitrinite coalification rank

Or ganic mat ter hosted in the Podhale Flysch strata re -
veals di ver si fied coalification ranks mea sured as mean ref-
lectance of vitrinite (colotellinite), which falls into the range 
from 0.49 to 1.00%. Such val ues are typ i cal of low- to me -
dium ranks of bi tu mi nous coal.

The coalification pat tern re corded in struc tural map
clearly dem on strates the in crease of coalification from the
north west (Chocho³ów area – sam ples marked as K and Ch
– Ta ble 1; Fig. 7) to wards the south east (Ma³e Ciche area –
sam ples marked as MC). More over, coalification does not
de pend on stra tig ra phy (Fig. 7). The best-re cog nised area
(con sid er ing the sam pling den sity) is lo cated be tween Bia³y
Dunajec (BD), Bia³ka Tatrzañska (BT), Ma³e Ciche and
Jurgów (J) vil lages, where reg u lar and sig nif i cant changes
in mean reflectance were ob served from 0.51 to 1.00% (the
lat ter found in the Ma³e Ciche area).

Such a pat tern clearly points out to the high est parts of
the Tatra Mas sif, i.e. to wards the £omnica (Lomnicky štit)
and Kie¿marski peaks (Kežmarsky štit) where, pre sum ably,
the high est am pli tudes of ver ti cal move ments have oc -
curred.

The low est val ues of mean reflectance Ro in the or ganic 
mat ter from the Podhale Flysch (about 0.5%) were found
close to the bound ary with the Pieniny Klippen Belt and in
the vi cin ity of Chocho³ów.

Val ues of mean reflectance of vitrinite from the north -
ern part of the Podhale Trough dif fer de ci sively from those
mea sured in the Pieniny Klippen Belt: about 0.93-0.95% in
the Aalenian and Bajocian sed i ments from the Szlachtowa
and the Czorsztyn for ma tions (the Skrzypne For ma tion),
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Ta ble 1

Char ac ter is tic fea tures of more im por tant reflectograms
from the Podhale Flysch strata – re corded peaks of ran dom 

vitrinite reflectance. Stage I (2008) and Stage II (2009)

Sample Location

Ro total
(RoI +
RoII)
[%]

Range
[%]

stdv
[%]

n

T-13 Trybsz 0.51 0.42–0.64 0.0338 104

BT-11 Trybsz-Bia³ka 0.55 0.48–0.63 0.02 128

BT-1  Bia³ka-Budzowie 0.67 0.60–0.81 0.0399 126

BD-3 Bia³y Dunajec 3 0.55 0.43–0.66 0.0315 95

BN-4/2 Bia³y Dunajec 2 0.56 0.41–0.66 0.0294 100

BD-102 Bia³y Dunajec 1 0.52 0.41–0.64 0.0192 95

P-5a Poronin 1 0.61 0.52–0.68 0.0216 90

P-6/2 Poronin 2 0.64 0.53–0.75 0.0243 115

MS-24 £apsze Wy¿ne 0.58 0.52–0.68 0.0136 90

Z-1

Zakopane Olcza

0.55 0.42–0.69 0.0323 115

Z-1-1 0.56 0.46–0.66 0.025 100

Z-1-2 0.56 0.45–0.68 0.0255 90

J-3
Jurgów

0.63 0.52–0.74 0.0347 105

J-3/1 0.81 0.74–0.88 0.0138 70

B-1 Brzegi-Kucówka 0.73 0.62–0.87 0.0425 90

B-3 Brzegi 0.75 0.64–0.87 0.0415 90

M-8a/1 Palenica Pañszcz. 0.77 0.64–0.87 0.0228 90

M-8 Murzasichle 0.79 0.68–0.90 0.0252 70

MG-10a

Ma³e Ciche

0.93 0.88–1.04 0.0255 80

MG-9 0.95 0.88–1.04 0.0189 75

MG-11a 1 0.92–1.16 0.0208 100

L-13a Lichejówka 0.77 0.64–0.92 0.2225 150

Ker-1 Butorowy Wierch 0.57 0.46–0.60 0.0305 100

Choch 1
Chocho³ów

0.51 0.41–0.64 0.0234 100

Choch 2 0.52 0.47–0.61 0.0176 100

W-1
Witów

0.57 0.51–0.68 0.0442 90

W-5 0.55 0.50–0.69 0.07 90

Koj 1/1 Kojsówka 0.66 0.56–0.76 0.0514 80

SW-4
Chocho³owska
Valley

0.55 0.47–0.68 0.05 80

Bi 1 Bia³y Valley 0.72 0.63–0.80 0.0045 85

R-4 Ratu³ów 0.54 0.55–0.62 0.036 80

M-1 Ratu³ów-Mulice 0.58 0.51–0.67 0.0372 100

NB-1 Stare Bystre 0.49 0.46–0.51 0.0375 85

NB-2 Nowe Bystre 0.54 0.49–0.64 0.0322 100

A-2 Noski 0.6 0.51–0.72 0.0472 100

OW Opalony Wierch 0.61 0.50–0.66 0.03 100

St-1 Z¹b - Stochy 0.6 0.51–0.68 0.0467 100

SG-1 Skrzypne Grn 0.53 0.49–0.60 0.0398 100

D-2 Dzianisz 0.57 0.46–0.68 0.0547 100

Ro to tal = RI+RII– ran dom vitrinite reflectance in clud ing the dark vitrinite;
Range – mea sur ing range of ran dom vitrinite reflectance; n – quan tity of
mea sure ments; stdv – stan dard de vi a tion
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Fig. 5. Types of mor pho log i cal forms of coaly mat ter of the Podhale Flysch sed i ments: A – coaly de tri tus laminae (Lower Chocho³ów
beds from Chocho³ów vil lage); B – coal laminae from coaly tis sue of fos sil wood (Szaflary beds, Trybsz vil lage); C – coalbed from Up per
Chocho³ów beds (Kojsówka vil lage); D – coal laminae with ex ter nal moulds of bark and roots of coaly wood ( Szaflary beds, M³yn vil -
lage); E – dis persed or ganic mat ter (de tri tus) near nat u ral moulds of flute and cres cent marks (Ratu³ów vil lage)
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Fig. 6. Mi cro pho to graphs of coal laminae and coal frag ments (pieces) from the Podhale Flysch: A – tellinite im preg nated of gelinite
(sam ple MG-9; B – tellinite (sam ple R-4); C – ir reg u lar lenses of telocollinite in sand stones from Brzegi area (sam ples B-1, B-3); D –
telocollinite im preg nated on py rite in coal piece (sam ple BD-3); E – fusinite and semifusinite in sand stone from the Chocho³owska Val ley 
area (sam ple SW-3); F – Framboidal py rite in coal piece (sam ple Z-1). All re flected light, oil im mer sion



and 1.00 to 1.05% in other suc ces sions from the Pieniny
Mts. (un pub lished data). More over, these val ues dif fer also
from those found in sed i ments from the High- and Sub-
Tatric se ries (from 0.90 to 1.80%; Poprawa et al., 2004).

The changes of vitrinite (colotellinite) mean reflectance 
of or ganic mat ter from the Podhale Flysch are con sis tent
with the con tents of crys tal line illite – the re cently ap plied
geothermometer of diagenetic (katagenetic) trans for ma tions 
of clay min er als (Fig. 8).

This map shows dis tinct, in creas ing trend of burial tem -
per a tures of sed i ments to wards the south east ern part of the
Podhale area. The K-Ar datings of max i mum burial (from
15.8 to 18.6 Ma) en ables the au thor to cor re late this pro cess
with the Savic phase of Al pine orog eny (Œrodoñ, 2006,
2008).

Mea sure ments of mean reflectance pro vided new data
suit able for eval u a tion of ther mal his tory of rocks in the
Podhale Trough. Con sid er ing the world lit er a ture deal ing
with the in flu ence of geo log i cal fac tors on coalification of
or ganic mat ter, the opin ion of Swee ney and Burnham
(1990) must be taken into ac count that dur ing coalification
pe riod of about 10 Ma the max i mum burial tem per a ture can
be es ti mated at about 90°C for vitrinite mean reflectance
0.49–0.51% and about 140°C for vitrinite mean reflectance
1.00%. Sim i lar tem per a tures can be ob tained from di a grams 
af ter Bostick (1979): 90°C for Ro = 0.50% and 155–160°C
for Ro = 1.00%. Ac cord ing to the IGCP scheme, also the
over all pres sure dur ing coalification can be es ti mated: for
lig nite-bi tu mi nous coal tran si tion (Ro = 0.50%) pres sure
can be from 107 to 108 hPa whereas for bi tu mi nous D/bi tu -
mi nous C tran si tion (Ro = 1.00%) the pres sure might have
amounted up to 30×1010 hPa.

If the ther mal palaeogradient is known, these val ues can 
be used for es ti ma tions of both the max i mum thick nesses of
the Podhale Flysch dur ing de po si tion and its later amount of 
ero sion. Es ti ma tions of the thick ness of flysch suc ces sions

in the Podhale Trough are di ver si fied. Bas ing upon the re -
sults of lith o logic and tectogenetic stud ies pro posed re cent
thick ness of the south ern part of Podhale Flysch to be about
4 km. Watycha (1968) found some what over 3 kilo metres
for the same part of the flysch suc ces sion whereas Mastella
and Mizerski (1978) es ti mated the thick ness in the south -
west ern part of the flysch as 2.2 km. Stud ies of Kêpiñska
(2006) re vealed that the thick ness of flysch sed i ments in the
cen tral part of the Podhale Trough (Poronin area) might
have been 4–5 km at the amount of ero sion of 2–3 kilome-
tres, whereas ero sion in the vi cin ity of Zakopane amoun-
ted to ca. 4 km and in Chocho³ów to 1.3–1.5 km. Ac cord ing
to Œrodoñ (2008), at the ther mal palaeogradient close to the
re cent (?) value (21±2°C/km), depositional thick ness of
flysch in the west ern part of the Podhale area reached 5–
6 km whereas the amount of ero sion was 3.1–3.6 km (Fig. 8).

How ever, Kêpiñska (2006) stud ied Palaeogene sed i -
ments and found that ther mal palaeogradient dur ing de po si -
tion of the Podhale Flysch was higher (mean: 30-40°C/km)
than the re cent val ues. As the heat source was placed in the
base ment rocks of the Tatra suc ces sions, it can be as sumed
that the palaeogradient was rel a tively con stant be fore the
Savic phase of Al pine orog eny (Oligocene/Mio cene). If the
sub si dence was the only im por tant burial mech a nism (and,
si mul ta neously, the only fac tor de ter min ing the ob served
coalification of or ganic mat ter), the burial depth in the
northwest ern part of the Podhale Trough (Chocho³ów area)
should vary from about 3.2 km (at ther mal palaeogradient
30°C/km) to 2.7 km (at ther mal palaeogradient 40°C/km)
and the to tal thick ness of flysch should be about 2.8 km
higher (i.e., re cent thick ness of the Podhale Flysch se -
quence). In the south west ern part of the trough (Jurgów,
Ma³e Ciche ar eas), at the mean reflectance about 1.00%
(which cor re sponds to max i mum burial tem per a ture of 155– 
160°C), the burial depth should be about 5 km (ther mal
palaeogradient 30°C/km) or 4 km (ther mal palaeogradient
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Fig. 7. Sketch-map of changes in mean ran dom reflectance of
vitrinite (colotellinite) of coal and coaly mat ter from the Podhale
Flysch. 1 – sam ples; 2 – isolines of to tal ran dom re flec tivity (RoI + 
RoII) – spac ing 0.05% (RoI + RoII); 3 – bor der of the Tatra Mts
and the Pieniny Klippen Belt; 4 – state bound ary

Fig. 8. Map of illite diagenetic changes in clayey shales, K-Ar
datings of illite-smectite in bentonites and fis sion tracks of ap a tite
in the Podhale Trough (af ter Œrodoñ 2008, mod i fied). 1– isolines
of illitization de gree (%S); 2 – lines mark the limit of kaolinite,
which dis ap pears due to diagenesis; 3 – bor der of the Tatra Mts; 4
– state bound ary of Po land; 5 – re sults of K-Ar datings from
bentonites (Ma)



40°C/km), and max i mum thick ness of flysch strata might
have been 6–7 km (re cent thick ness of flysch about 2.2 km,
af ter Mastella & Mizerski, 1978).

It ap pears that es ti ma tion of the max i mum thick ness of
the Podhale Flysch strata (i.e., depositional thick ness af ter
com pac tion) and the amount of ero sion, both based upon the 
mean reflectance of colotellinite, are al most iden ti cal with
the es ti ma tions based upon the illitization of clay min er als.

Con sid er ing the depositional con di tions and, first of all, 
the later tec tonic his tory of the Podhale Flysch, it seems
likely that es ti ma tions pre sented above bear an er ror, which
re sults from the fol low ing rea sons:

– dur ing the Savic phase of Al pine orog eny (Late
Oligocene-Chattian) flysch and its base ment com posed of
High- and Sub-Tatric se ries were sub jected to strong block
tec ton ics (see, e.g., Mastella, 1975), mostly sub si dence, due
to con ti nent-con ti nent col li sion be tween the Czorsztyn and
Andrusov ridges. This pro cess has con tin ued dur ing the
later phases of Al pine move ments, start ing from the Styrian
phase (Mid dle Mio cene-Langhian) and caused fold ing of
the Podhale Flysch and up lift of the Tatra mas sif. Such geo-
tec tonic pro cesses re sulted in de po si tion of molasse, which
filled the re cent Orawa De pres sion as about 1,300-m- thick
al lu vial fans (Mid dle Mio cene–Plio cene) (Watycha, 1976)
with the seams of soft brown coal (Ko³con & Wag ner
1991);

– this molasse might have cov ered the whole area of the 
Podhale Trough, sim i larly to Pleis to cene-Ho lo cene al lu vial
fans which doc u ment the con tin u ous up lift of the Tatra mas -
sif;

– brown coal (metalignite) re cently ex posed in the out -
crops of the Orava Neo gene suc ces sion in di cates that un der
the “cool” geo ther mal gra di ent (<50°C/km) ob served in
many coal de pos its the over bur den thick ness had to be over
400 m but less than 1,000 m (Stach et al., 1978), maybe
about 700 m,

– con se quently, the amount of ero sion of the Podhale
Flysch should be re duced by this value, at least in the area of 
Chocho³ów where these sed i ments have been partly pre -
served (vi cin ity of Czarny Dunajec-Chy¿ne).

In or der to il lus trate changes in the diagenetic and kata-
ge netic his tory of the Podhale Flysch, the stud ies re ported
above must be sup ple mented by de tailed in ves ti ga tions in
sed i men tary se ries of the Tatric units and the Pieniny Klip-
pen Belt.
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