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Ab stract: The Mutne Sand stone Mem ber oc curs within the Ja worzynka For ma tion of  the Ma gura Nappe de po-
s its, typi cal for the west ern mar ginal Si ary subunit. In the area north of Je leœnia it is rep re sented by the thick sand -
stone com plex. Typi cal and com plete pro file of this di vi sion is lo cated in Mutne vil lage next to Je leœnia, on the
slope of Janikowa Grapa Mt. This lo cal ity rep re sents the type sec tion for the Mutne Sand stone Mem ber, while
three oth ers: Ja worzynka, Rychwa³dek and Kuków–Rzyc zki serve as ref er ence sec tions. The age of the Mutne
Sand stone Mem ber was de ter mined as Maas trichtian–Pa laeo cene; but only Maas trichtian is docu mented by
fo rami nif eral as sem blages. The Pa laeo cene age comes how ever from the su per po si tion of this litho som within the
Ma gura Nappe pro file. The Cam panian/Maas trichtian–Pa laeo cene com plex of Si ary Subunit de pos its pro vides the 
per fect ex am ple for ap pli ca tion of su per se quences to the West ern Flysch Car pa thian ba sin. It fits the Up per Zuni
IV su per se quence and global time slice. The Mutne type lo cal ity is also a prime geot our ist at trac tion and ob ject of
in ani mated na ture pro posed for pro tec tion.

Key words: Mutne Sand stone Mem ber – a new for mal lithos tra tigraphic unit, Ja worzynka For ma tion, lithos tra ti-
gra phy, bi os tra tigra phy, deep- water ag glu ti nated fora mini fera, Cre ta ceous–Pa laeo cene, Ma gura Nappe, West ern
Flysch Car pa thi ans.
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IN TRO DUC TION

The West ern Flysch Car pa thi ans are com posed of a
stack of nap pes and thrust-sheets spread ing along the Car -
pa thian arc, which are mainly built up of up to six kilo me -
ters thick con tinu ous flysch se quences, rep re sent ing the Ju -
ras sic through Early Mio cene time span (Golonka et al.,
2005). The nappe suc ces sion from the high est to the low est
ones in cludes the Ma gura Nappe, Fore- Magura group of
nap pes, Sile sian Nappe, Sub sile sian Nappe, and Skole
(Skiba) Nappe (Fig. 1).

The Ma gura Nappe is the in ner most and larg est tec tonic 
unit of the West ern Flysch Car pa thi ans (Matìjka & Roth,
1950; Oszc zypko 1992; Pi cha et al., 2006; Œl¹czka et al.,
2006) thrust over var i ous tec tonic units of the Fore-Ma-
gura group of nap pes and of the Sile sian Nappe (Fig. 1).
The Ma gura Nappe has been sub di vided into four subunits

(facies-tec tonic zones): Krynica (Oravská Ma gura – Kry-
nica), Bystrica (Nowy S¹cz), Raèa and Si ary. These sub-
units co in cide, to a large ex tent, with the cor re spond ing fa -
cies zones (Golonka, 1981; Kosz ar ski et al., 1974; Matìjka
& Roth 1950; Œl¹czka et al., 2006).

Nu mer ous pa pers were de voted to the litho- and bio-
stra tig ra phy of the Cre ta ceous and Pa laeo gene de pos its of
the Ma gura Nappe as the whole as well as to the litho logi cal
dif fer ences be tween its subunits. Dur ing the last two deca-
des the at tempts were made to for mal ize the Ma gura
Nappe’s de pos its stra tigra phy ac cord ing to the Pol ish Stra -
tigraphic Code (Al ex androwicz et al., 1975; Racki & Nar-
kiewcz, 2006). These works (e.g. Birk en ma jer and Osz-
czypko, 1989; Oszc zypko, 1991; Oszc zypko et al., 2005)
are deal ing mainly with lithos tra tigra phy of the Krynica and 



Bystrica subunits. The outer, mar ginal Si ary subunit of the
Ma gura Nappe is still wait ing for the in te grated mod ern ap -
proach to the lithos tra tigra phy of Cre ta ceous and Pa laeo -
gene flysch de pos its. The first at tempt was made by Ci esz -
kowski et al. (2006) dur ing their re gional de scrip tion of the
Pol ish West ern Flysch Car pa thi ans be tween Sucha Bes-
kidzka and Œwinna Porêba (Ci esz kowski et al., 2006).
These authors discussed the vari ous as pects of litho- and
biostratigraphy of the Si ary subunit in this area. This dis cus -
sion clearly indicated the ne ces sity to con duct the de tailed
in te grated ap proach to stra tigra phy of for ma tions and mem -
bers in their type lo cali ties. This pa per at tempts to pro vide
such an integrated ap proach to the lithos tra tigra phy of the
Mutne Sand stone Mem ber of the Ja worzynka For ma tion.
The pres ent authors plan to con duct simi lar work in the
other type lo cali ties within the Si ary subunit, for ex am ple in
Jawo- rzynka, Zembrzyce, Budzów in the Pol ish West ern
Flysch Car pa thi ans.

GEO LOG I CAL SET TING
AND LITHOSTRATIGRAPHY

The Si ary subunit con sti tutes the north ern most, mar -
ginal unit of the Ma gura Nappe in the West ern Flysch Car -
pa thi ans. Its north ern bor der in the west ern part of the
Polish Flysch Car pa thians is marked by the line run ning
along the arc from the Czech Re pub lic bor der in the vi cin ity 
of Ja worzynka vil lage in the Silesia, through Koniaków,
Milówka, ¯ywiec, Har bu towice, Myœlen ice, Skrzydlna,
¯ego cina, Rajbrot, £ososina Dolna to Têgo borze and Zby-
szyce upon Du na jec. The above men tioned di vi sion of the

Ma gura Nappe into the four subunits is based mainly on in -
di vid ual char ac ter is tics of the se quences of rocks rep re sent -
ing the Ma gura Ba sin de pos its. The tec tonic fea tures are se-
condary. The subunits of the Ma gura Nappe are in places
thrust over each other, but the thrust am pli tude is of ten sma- 
ller how ever than the size of smaller thrust- sheets within the 
subunits (Ci esz kowski, 1992).

The Mutne sand stones oc cur mainly within the sequen-
ce of the Magura Nappe de pos its typ i cal for the west ern
mar ginal Siary sub unit (sensu Koszarski et al., 1974). The
out crop ping Siary sub unit pro file con tains the de pos its from 
Late Cre ta ceous to Early Oligocene. It is pos si ble to dis tin -
guish sev eral lithostratigraphic units in the for ma tion rank
(see Cieszkowski et al., 2006). The Eocene and Lower
Oligocene de pos its of the Siary Sub unit are dif fer ent from
the other Magura Nappe sub units, in the west ern seg ment in 
Po land also Up per Cre ta ceous rocks dis play spe cial char ac -
ter is tics. In the Sucha Beskidzka re gion, the lithological de -
vel op ment of the mar ginal zone of Magura Nappe dif fer
from the de vel op ment in Siary near Gorlice in the east ern
sec tor of the Pol ish Magura mar ginal Nappe. The clas sic
pro file in the Sucha Beskidzka and Zembrzyce area de -
scribed by Ksi¹¿kiewicz (1966, 1974 a, b) is typ i cal for the
whole re gion west of Dunajec River. There fore, the name
“Zembrzyce zone” was pro posed by Cieszkowski et al.
(2006), for the west ern sec tor of the Siary sub unit dur ing the 
lithostratigraphical for mal iza tion at tempt. Sev eral lithostra-
tigraphic units were dis tin guished there, some of them for -
mal, some not for mal. In for mal units would be for mal ized
in the fu ture, now they are pro posed to rate in a rank of for -
ma tion and/or mem ber. The for mal lithostratigraphic units
are Jaworzynka For ma tion (Fm.) (Inoceramus beds bi o tite
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Fig. 1. Po si tion of the Mutne Sand stone Mb. lo cal i ties on the West ern part of the Pol ish Flysch Carpathians



fa cies) Senonian–Palaeo cene in age (af ter Oszczypko et al.,
2005, next used by Cieszkowski et al., 2006), Ropianka
For ma tion (Inoceramus beds) Senonian–Palaeo cene in age
(af ter Oszczypko et al., 2005), and £abowa Shale For ma -
tion, Palaeo cene–Mid dle Eocene in age, in clud ing Skawce
Sand stone (Mb.) (“Ciê¿kowice Sand stones” if Magura se -
ries) (af ter Oszczypko 1991, Cieszkowski & Waœkowska-
Oliwa, 2002, next used by Cieszkowski et al., 2006).
Within the Jaworzynka For ma tion, Cieszkowski et al.
(2006) pro posed to dis tin guish Go³ynia Shale (Ksi¹¿kie-
wicz, 1974a, b) and Mutne Sand stone (Sikora & ¯ytko,
1959) mem bers. The de pos its, called by Ksi¹¿kiewicz
(1966, 1974a, b) Magura beds, Late Eocene–Early Oligo-
cene in age de vel oped above the £abowa Shale For ma tion.
They con sist of three in for mal lithostratigraphic units, com -
monly called Sub-Magura beds (Zembrzyce Shales), Ma-
gura glauconite sand stones (W¹tkowa Sand stone) and Su -
pra-Magura beds (Budzów Shales). Cieszkowski et al.
(2006) put for ward com plete for mal iza tion of the Magura
Se ries in the Siary sub unit, and pro posed to dis tin guish the
Magura beds as Beskid Makowski For ma tion with Zem-
brzyce Shale (Submagura beds), W¹tkowa Sand stone (Ma-
gura Sand stone glauconite fa cies), and Budzów Shale (Su -
pra-magura beds) mem bers, if for mal ized.

The dis tinc tive dif fer ence be tween Si ary and Raèa
subunits is clearly visi ble in the Pol ish part of the West ern
Flysch Car pa thi ans. West of Wielka Racza Moun tain (Be -
skid ¯ywiecki, south of ¯ywiec town at the Pol ish-Slo vak
bor der) on the ter ri tory of West ern Slo va kia and Moravia,
this dif fer ence is more ob scure. In these re gions the thick-
 bedded sand stones of the mus co vite type (Ma gura For ma -
tion sensu Oszc zypko, 1991), char ac ter is tic for the Raèa
sub unit, as well as thick- bedded glau co nitic W¹tkowa
Sand stone char ac ter is tic for the Si ary subunit are re placed
by the de pos its simi lar to those known from the Zem brzyce
Shale and Budzów Shale mem bers. These de pos its are dis -
tin guished in Czech and Slo vak re pub lics as Zlin For ma tion 
(Matejka & Roth, 1956). The whole area with this Zlin For -
ma tion is known there as the Raèa zone, some times di vided
into north ern and south ern zones ac cord ing to the tec tonic
fea tures.

The po si tion of the Mutne Sand stone Mem ber (Mb.)
within Jaworzynka For ma tion (Fm.)

Jaworzynka For ma tion was de scribed re cently by
Cieszkowski et al. (2006) as equiv a lent of Inoceramus
(Ropianka) beds of the north ern bi o tite fa cies (see e.g.
Burtan & Skoczylas-Ciszewska 1966; Ksi¹¿kiewicz, 1974
a, b), and So lan beds of Czech and Slo vak ge ol o gists (Ma-
tejka & Roth 1949; 1956; Pesl 1965). Their sim i lar i ties to
Altenkbach beds in the Rhenodanubian Flysch (Ciesz-
kowski et al., 2002) were also no ticed. The for ma tion age is
Senonian–Palaeocene. The name Jaworzynka beds was in -
tro duced by Burtan (1973a, b; 1978a, b; Burtan et al., 1976) 
and ac knowl edged by Golonka and Wójcik (1976; 1978),
Cieszkowski (1992) and Oszczypko et al., (2002; 2005) de -
scrib ing the com plex of flysch de pos its of Senonian age

from the north ern most part of the Magura Nappe in the
Jaworzynka-Koniaków area. Cieszkowski et al., (2006) de -
fined Jaworzynka For ma tion as Jaworzynka beds sensu
Burtan (1973a, b), as well as the other stratigraphic units of
Maastrichtian and Palaeocene age, such as Mutne Sand -
stone Mem ber (Mb.) and Go³ynia mem ber (Mb.). Al most
all pack ages of “Inoceramus” or “Ropianka” type of beds
pres ent in the Siary Subnit of the Magura Nappe are also in -
cluded into the Jaworzynka For ma tion (Fm.). This for ma -
tion con tains all flysch de pos its of Senonian–Palaeocene
age of the of the Siary Unit be tween Cre ta ceous red shales
of Cebula For ma tion (Fm.) (Golonka & Wójcik 1976, 1978; 
Pivko, 2002), or Malinowa For ma tion (Fm.) (sensu Birken-
majer & Oszczypko 1989; Oszczypko et al., 2005) and
£abowa For ma tion (Fm.) (Oszczypko, 1991). In the area
north of Jeleœnia the up per part of Jaworzynka For ma tion is
rep re sented by the thick sand stone com plex of the Mutne
Mem ber, some times over lain by thin-bed ded and me dium-
bed ded flysch some what re sem bling “Ropianka-type”
flysch de pos its. This flysch de pos its are marked on the map
as the Jaworzynka For ma tion un di vided. In the Raèa Sub -
unit in Beskid Wyspowy Mts. range, the Jaworzynka For -
ma tion is overlain by the Ropianka For ma tion (Oszczypko
et al., 2005, cf. Burtan 1978a, b). East of Dunajec River, the 
Jaworzynka For ma tion could be com pletely re placed by the
Ropianka For ma tion (Œl¹czka & Mizio³ek, 1985).

Mutne Sand stone Mem ber (a new name)

His tory. The Mutne sand stones were de scribed for the
first  time by Sikora and ¯ytko (1956) from the type sec tion
in the vi cin ity of Mutne vil lage dur ing their pre sen ta tion of
the geo log i cal struc ture of Beskid Wysoki Moun tains south
of ¯ywiec. These sand stones were pre sented as a com plex
of thick-bed ded sand stones lo cated in the lithological sec -
tion of the north ern, mar ginal zone of the Magura Nappe
(Siary zone sensu Koszarski et al., 1974) above the Inoce-
ramus beds and be low the Eocene var ie gated shales. In the
same pe riod, the map ping work was con ducted in the mar -
ginal zone of the Magura Nappe be tween ¯ywiec and
Zwardoñ by Burtan, who later dis tin guished thick-bed ded
sand stones in the same strati graphic po si tion as the £yska
sand stones (Burtan et al., 1959). Re sults of Burtan’s map -
ping in this area were in cluded into tem po rary map of
Lachowice sheet by Nowak (1964). Ksi¹¿kiewicz (1974 a,
b) dis tin guished sim i lar sand stones as one of the “mem bers” 
of the mar ginal zone of the Magura Nappe un der the name
“Ropianka beds with the in ter ca la tions of arcose sand -
stones”. This au thor pointed to the sim i lar i ties be tween
these de pos its and Mutne sand stone de scribed by Sikora
and ¯ytko (1956; 1960). The Mutne Sand stone name was
ac knowl edge among oth ers by: Bieda et al. (1963), Geroch
et al. (1967), Golonka and Wójcik (1978a, b), Golonka et
al. (1981), Golonka (1981), Malata (1981), Paul and Ry³ko
(1996), Ry³ko (1992) and Unrug (1969). At the be gin ning
of the 21st cen tury the Mutne sand stones be came again sub -
ject of in ter est of ge ol o gists, who stud ied their li thol ogy,
sedimentological de vel op ment, strati graphic and paleogeo -
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graphic po si tion, as well as cor re la tion be tween the West ern 
Flysch Carpathians and Rheno-Danubian Flysch of the
East ern Alps. Pub li ca tions from this pe riod de scribed the
lithological and sedimentological char ac ter is tics, heavy
min erals, car bon ate clasts and olistolith anal y sis, and the
Alps-Carpathians cor re la tion at tempts (Cieszkowski et al.,
2000, 2002). The mod ern ap proach to the lithological de -
vel op ment of the sand stones and their po si tion within the
frame of the geo log i cal struc ture of the Magura Nappe be -
tween ¯ywiec and Jeleœnia was pre sented by Chodyñ
(2002). Be cause of the oc cur rence of the sub ma rine slumps
with olistoliths and smaller clasts within the Mutne sand -
stones, these de pos its were sub ject of the specialistic works
de voted to the oc cur rence and po si tion of clasts, olistoliths
and olistostromes in the West ern Flysch Carpathians
(Cieszkowski et al., 2003, 2004a). The li thol ogy and strati -
graphic po si tion of the Mutne sand stones were in cluded into 
the re gional de scrip tion of the Pol ish West ern Flysch
Carpathians be tween Sucha Beskidzka and Œwinna Porêba
(Cieszkowski et al., 2006). These au thors pro posed the
mem ber lithostratigraphic rank with out for mal de scrip tion.

Name. Af ter the Mutne Vil lage, Jeleœnia Com mon,
¯ywiec Dis trict, Silesian prov ince, West ern Outer Carpa-

thians, Po land (Figs 1, 2). Pol ish name. Ogniwo piaskow-
ców z Mutnego formacji z Jaworzynki.

Type sec tion. Slope of the Janikowa Grapa Moun tain
along the right bank of Koszarawa river in the vi cin ity of
Mutne vil lage, 9 km west of ¯ywiec, Pol ish Outer Carpa-
thians, Makowski (Œredni) Beskid range, Jeleœnia Com mon, 
¯ywiec Dis trict, Ma³opolska Prov ince, Po land (Figs 1, 2).

Ref er ence sec tions. Out crops in Jaworzynka vil lage:
right bank of the Krê¿elka stream (100 m from its mouth to
Czadeczka river) and quar ries in the south ern slope of the
Wawrzaczów Groñ Moun tain Figs 1, 3); Rychwa³dek vil -
lage – quar ries in the east ern slope of the £yska Moun tain
(Figs 1, 2), Kuków vil lage – Rzyczki ham let – out crop in
the stream – left sub sid iary of Lachówka river (Figs 1, 4).

Thick ness. The mem ber thick ness in the type sec tion is
150 m.

Dom i nant li thol ogy. The Mutne Sand stone Mem ber is
char ac ter ized by the dom i nant oc cur rence of 0.5–1.2 m
thick sand stones. Some times the sand stone lay ers are amal -
gam ated and thicker, up to 2.2 m. These sand stones are me -
dium- and coarse-grained, their lay ers are mas sive in the
lower parts with slightly dis tin guished par al lel lam i na tion in 
the up per part and cross-bed ding in the up per most part (Figs 
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5, 6). The well pre served flute-casts are rarely pres ent on the 
bot tom sur faces of sand stone lay ers as well as the trace
fossils at the top.

In some thick beds of the Mutne sand stones, large-scale 
cross-bed ding can be ob served. In the aban doned quarry
above the Jeleœnia–Pewel Ma³a high way, the large top sur -
faces of sand stones are ex posed dis play ing the mid dle-scale 
ripplemarks (see Unrug, 1969) (Fig. 6). The load-casts are
pres ent in the bot tom parts of the lay ers; flame-struc tures
sim i lar to those known from the struc tures de scribed by
Leszczyñski (1981) in the Ciê¿kowice sand stones. The
sand stones in the Mutne quarry are steel-grey col oured,
grey or light-brown in the weath ered parts. The lower parts
of lay ers are of ten con glom er atic. The fine-grained con -
glom er ates form some times sep a rate lay ers. The in verse
gra da tion was ob served within these lay ers. Some times the
blue-gray me dium-bed ded, fine-grained sand stones display
parallel lamination (Figs 5, 6).

Quartz is the main builder of the sand stones, with lesser 
amount of feld spar, frag ments of meta mor phic rocks,
phyllites and clasts or shales and marls. In most lay ers glau-
conite is ab sent, in some lay ers it oc curs in the sig nif i cant
amount. The shale clasts of ten green in colour oc cur in the
sand stones, some times fre quently. Sometimes car bon ate-
silicic ma trix ce ments the sand stones. In the green-beige,
brown af ter weath er ing, sand stones the ma trix is rich in
glauconite, the car bon ate cement is insignificant.

Con glom er ates con tent is sim i lar to that of sand stones;
frag ments of car bon ate rocks are more fre quent. Frag ments

of cri noid sceletons were also ob served some times. Lime -
stones, marly lime stones, marls, rarely sandy lime stones can 
be dis tin guished within the car bon ate peb bles or clasts. The
size of these peb bles and clasts is 2–10 cm, some times big -
ger frag ments up to 15–20 cm, rarely to 0.5 m oc cur. The
lime stones have mas sive struc ture, some times with slight
content of sands: they dis play the par al lel- or cross-lam i na -
tion. The rare foraminifers, in clud ing Globotruncana ge nus
and radio lar ians were ob served in these lime stones. Some -
times, the flat pelitic lime stone clasts ar ranged paralell to
the bed ding form a kind of sed i men tary brec cia. The large
olistoliths of the car bon ate rocks up to dozen or so me ters in 
size oc cur in the Mutne out crop (Figs 5, 6). The olistolith of
the pelitic marly lime stone was in serted there into the sand -
stone layer described by Unrug (1969) as a submarine
slump.

The shales as so ci ated with the sand stones are dark-
grey, al most black, of ten muddy, with mus co vite pelite and
plant de tri tus. The sand stone–shale/mudstone ra tio is al -
ways larger than one, some times up to 100:1. In the rare
0.6–0.8 m thick pack ages of shale/sand stone flysch, the Ro-
pianka-type cal car e ous, lam i nated, micaceous fine-grained
sand stones oc cur from time to time. Calciturbites are rare
within the shale/sand stones pack ages. These turbiditic lime -
stones are mas sive in the bot tom parts and lam i nated or
cross-bed ded to ward the top. The frag ments of not very well 
pre served cal car e ous forams and few si li ceous radiolarian
shells were observed in the thin sections.

Bound aries. Lower bound ary with Jaworzynka For ma -
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Fig. 3. Lo cal iza tion of the Mutne Sand stone Mb. ref er ence sec tion in the Jaworzynka area (map af ter Burtan, 1973a – mod i fied)



tion s.s. is sharp; Mutne Sand stone Mem ber starts with first
thick bed of arcose sand stone, up per bound ary with rhyth -
mic flysch be long ing to the Jaworzynka For ma tion is more
tran si tional in char ac ter. Some times, the Mutne Sand stone
Mem ber con tacts di rectly with var ie gated shales of the £a-
bowa Formation.

Age. The age of the Mutne Sand stone Mem ber cor re -
sponds to Late Maastrichtian–Palaeocene. The age was es ti -
mated us ing biostratigraphy – tak ing into ac count forami-
niniferal as sem blages (for de tails see be low) and po si tion in 
the lithostratigraphical log of the Siary sub unit (Magura
Nappe).

Dis tri bu tion.  The Siary sub unit of the Magura Nappe
in Po land and ad ja cent part of Slo vak and Czech re pub lics.

Equiv a lents. The £yska sand stones (piaskowce z
£yski) of Burtan (Burtan et al., 1959; Nowak, 1964; Burtan, 
1973 a, b), Ropianka beds with the thick-bed ded arcose-
rich sand stones (Ksi¹¿kiewicz, 1974 a, b).

Re marks. The sand stones de scribed by Sikora and
¯ytko (1956; 1960) as Mutne sand stones are iden ti cal un der 
mac ro scopic and mi cro scopic in ves ti ga tions with sand -
stones dis tin guished as £yska sand stones Burtan et al.,
(£yska – moun tain be tween Mutne and Rychwa³dek,
¯ywiec dis trict). This ob ser va tion was also sup ported by
heavy min er als’ re search. Cieszkowski et al., (2000, 2002)
stated that the £yska sand stones and Mutne sand stones be -
long to one lithostratigraphic unit de scribed un der the dif -
fer ent name. This prob lem was also high lighted by Chodyñ
(2002), who con ducted de tailed ob ser va tion in Mutne as
well as in £yska lo cal i ties. Re marks on this sub ject were

also in cluded by Cieszkowski et al. (2006), who pro posed
the pre lim i nary lithostratigraphic di vi sion of the Magura
Nappe in the Siary zone. The Mutne Sand stone name should 
be established according to the priority rule.

BIOSTRATIGRAPHY

Six sam ples were taken for the micropalaeontological
in ves ti ga tions from the type lo cal ity pro file of the Mutne
Sand stone Mem ber (no. 96–98, 102–104, Tab. 1, Fig.7).
These sam ples were de rived from thin in ter ca la tions of grey 
or ol ive-grey, non-cal car e ous mudstone/shales. The Jawo-
rzynka For ma tion sand stone/shale de pos its oc cur ring be low 
the Mutne Sand stone Mem ber of Jaworzynka For ma tion (3
sam ples, no. 99–101), as well as var ie gated shales of the
£abowa Shale For ma tion po si tioned above the Mutne Sand -
stone Mem ber (no. 101a, 105) were also sam pled, (Tab. 1,
Fig. 7). The sam pled shale ma te rial was pro cessed by the
stan dard micropalaeontological meth ods. The sam ples were 
dried and dis in te grated in so lu tion of so dium car bon ate,
than washed over the 63 µm mesh sieves. Micro fauna was
picked and mounted onto card board slides for mi cro scop i -
cal in ves ti ga tions. The ma te rial is hosted at De part ment of
Ge ol ogy, Geo phys ics and En vi ron men tal Pro tec tion, AGH
Uni ver sity of Sci ence and Tech nol ogy, Kraków, Po land.
All an a lyzed sam ples con tained micro fauna, in most cases
well pre served. The tax o nom i cal con tents var ied sig nif i -
cantly but the pos i tive biostratigraphical re sults were
achieved in most sam ples. The micro fauna as sem blages are
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Fig. 4. Lo cal iza tion of the Mutne Sand stone Mb. ref er ence sec tion in the Sucha Beskidzka area (map af ter Ksi¹¿kiewicz, 1974; mod i -
fied by Cieszkowski et al., 2006a)



rep re sented ex clu sively by deep-wa ter ag glu ti nated fora-
minifera (Figs 8–11).

The tu bu lar foraminifera (pre served as frag ments) from 
the Bathisiphon, Psammosiphonella and Nothia rep re sent
the most fre quently en coun tered group within the an a lyzed
as sem blages from the Mutne Sand stone Mem ber de pos its.
The spec i mens from the gen era Recurvoides and Paratro-
chamminoides (rep re sented by 10 spe cies) con sti tute also
im por tant fre quent com po nent of the as sem blage. The gen -
era Saccammina, Ammodiscus and in some sam ples Gero-
chammina lenis (Grzybowski) and Caudammina excelsa
(Dyl¹¿anka) are also nu mer ous and easy to distinguish.

Sev eral taxa are im por tant for biostratigraphy and char -
ac ter is tic for the Late Cre ta ceous and Palaeocene. Gerocha- 
mmina lenis (Grzybowski), Caudammina cf. gigantea
(Geroch) and sin gle spec i mens of Rzehakina inclusa (Grzy-
bowski) are typ i cal for the Up per Cre ta ceous Carpathian
flysch de pos its. The oc cur rence of Rzehakina inclusa
(Grzybowski) de ter mine the lat est Cre ta ceous age of the
sampled de pos its. This is one of the mark ers com monly uti -
lized in the biostratigraphical de ter mi na tions of the flysch
Carpathians. It is in dex taxon de fin ing the mid dle Cam-
panian–end of Maastrichtian age (Olszewska, 1997; Mor-
giel & Olszewska, 1981). Be side this taxon, sev eral forms
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Fig. 5. Par tial lithological pro files in the type sec tion and ref er ence sec tions of the Mutne Sand stone Mb. logs
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Fig. 6. Mutne Sand stone Mb. in the type lo cal ity (Janikowa Grapa Mt.). A – thick-bed ded sand stones, B – mid dle-scale ripplemarks, C
– lam i nated sand stones, D – trace-fos sils at the top of sand stone layer, E – shaly-clasts trace in sand stone, F – the olistolith of the pelitic
marly lime stone



in the in ves ti gated as sem blages are typ i cal for late Seno-
nian–Palaeo cene, namely: Glomospira diffundens Cushman 
et Renz, Annectina grzybowskii (Jurkiewicz), Caudammina
ovula (Grzybowski), Hormosina velascoensis (Cushman),
Remesella varians (Glaessner), Spiroplectammina specta-
bilis (Grzybowski), Rzehakina epigona (Rzehak), Rzeha-
kina min ima Cushamn et Renz. The first oc cur rence of the
most of the above quoted spe cies was re ported from Maa-
strichtian of the deep-wa ter Carpathian bas ins (Jednorow-
ska, 1975; Morgiel & Olszewska, 1981; Olszewska, 1997;
Kaminski & Gradstein, 2005). The spe cies Remesella
varians (Glaessner) was re cently used for the def i ni tion of
the Late Maastrichtian–Early Palaeocene in ter val in the
Magura Nappe and it be came the in dex talon of the biozone
in the Par tial Range Zone rank (Malata et al., 1996). B¹k
(2004) also uti lized this taxon for the definition of the Late
Maastrichtian horizon in the Skole Unit.

The above men tioned foraminiferal as sem blages oc cur
in the Mutne type lo cal ity, but the in ves ti ga tions con ducted
in the other lo cal i ties of the Mutne Sand stone Mem ber (pu-
blications in prep a ra tion), that is in Jaworzynka, Kuków–
Rzyczki, en coun tered as sem blages of the sim i lar tax o nom i -
cal com po si tion with Rzehakina inclusa (Grzybowski) and
Remesella varians (Glaessner).

Very sim i lar tax o nom i cal com po si tion of foraminiferal
as sem blages represent sam ples of the Jaworzynka For ma -
tion, di rectly be low the Mutne Sand stone Mem ber. They
point to a late Maastrichtian age of the sam pled sed i ments.
Sam ples from the bot tom part of the £abowa Shale For ma -
tion con tain a typ i cal Palaeocene as sem blage of ag glu ti -
nated foraminifera, with Caudammina ovula (Grzybowski), 
Hormosina velascoensis (Cushman), Rzehakina fissisto-
mata (Grzybowski), Haplophragmoides mjatliukae Masla-
kova, and rel a tively nu mer ous Spiroplectammina spectabi-
lis (Grzybowski) (Tab. 1). Usu ally, lot of Spiroplectammina 
spectabilis (Grzybowski) spec i mens in Palaeocene assem-
blages re fer to late part of this time in ter val (Geroch &
Nowak, 1984). The next sam ple (50 cm above in litholog i -
cal pro file) dis play many fea tures char ac ter is tic for the
Early Eocene as sem blages. It con tains nu mer ous but only
slightly tax o nom i cally dif fer en ti ated as sem blage of small in 
size forams, with dom i na tion of Glomospira charoides
(Jones et Parker) spe cies and spec i mens from gen era Re-
curvoides and Thalmannammina, Ammodiscus, Paratro-
chamminoides and Ammosphaeroidina pseudopaucilocu-
lata (Mjatliuk) are also relatively frequent.

Also typ i cal Palaeocene spe cies Rzehakina fissistomata
(Grzybowski) and Haplophragmoides cf. mjatliukae Masla- 
kova are pres ent. The lat est oc cur rence of these spe cies is
linked in pa pers on the Carpathian biostratigraphy with the
end of the Palaeocene (Jednorowska, 1975; Morgiel &
Olszewska, 1981; Geroch & Nowak, 1984; Olszewska,
1997) (Tab. 1). The Hormosina velascoensis (Cushman)
was also en coun tered in this as sem blage. This spe cies is
com mon in Senonian and Palaeocene of the Outer Carpa-
thian de pos its (Olszewska, 1997), in Eocene is very rare
(Jednorowska, 1975). Sim i lar foraminiferal as sem blages
were ob served in micropalaeontological sam ples (pub li ca -

tions in prep a ra tion) from the other lo cal i ties of the £abowa
Shale For ma tion over ly ing the Jaworzynka Formation.

The time of de po si tion of the sam pled se quence of the
Mutne Sand stone Mem ber rocks was de ter mined as Maa-
strichtian on the ba sis of in ves ti gated foraminiferal as sem -
blages. It rep re sents the up per part of the Rzehakina inclusa
zone sensu Olszewska (1997). Un for tu nately the lack of the
plank tonic forams, which are the pre cise strati graphic mark -
ers pre cludes the more de tail age de ter mi na tion. The var ie -
gated shales oc cur ring above the top of the Mutne Sand -
stone Mem ber rocks in di cate the late Palaeocene age of
these de pos its with the foraminiferal as sem blages char ac ter -
is tic for the up per part of the Rzehakina fissistomata zone
sensu Olszewska (1997). A Palaeocene age of the up per -
most part of the Mutne Sand stone Mem ber is pos si ble, but
there is still lack of the ex plicit palaeontological sup port ing
data. The pa per by Paul and Ry³ko (1996) men tions the
palaeontological data sup port ing the Palaeocene age of the
Mutne Sand stone Mem ber rocks in the Rychwa³dek, but is
not quot ing the tax o nom i cal lists. The Palaeocene age of the 
up per most part of the Mutne Sand stone Member is based on 
superposition and the quoted above paper.

Dis cus sion

The age of the sed i men ta tion of Mutne Sand stone
Member rocks from the type lo cal ity was de ter mined as
Senonian–Palaeocene (Sikora & ¯ytko, 1956; Sikora &
¯ytko, 1960), or lat est Cre ta ceous–Palaeocene (Golonka &
Wójcik, 1978a, b; Malata, 1981). The Mutne Sand stone
Mem ber rocks were de scribed as the Palaeocene lithosom
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Fig. 7. Lo cal iza tion of  micropalaeontological sam ples in the
type sec tion (Mutne area)
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Ta ble 1
Dis tri bu tion of the deep-wa ter foraminifera in Mutne sec tion

Number of sample  › 99 100 101 96 97 98 102 103 104 101 A 105

Jaworzynka Fm. Mutne Sandstone Member £abowa Shale Fm.

Ammodiscus cretaceus (Reuss) I I II I I I I I

Ammodiscus pennyi Cushman et Jarvis I I

Ammodiscus cf. pennyi Cushman et Jarvis I I I

Ammodiscus peruvianus Berry I I III III I I I

Ammodiscus planus Loeblich IV III IV IV V IV

Ammodiscus sp. I I

Ammodiscus tenuissimus Grzybowski I I I I

Ammolagena clavata (Jones et Parker) I IV

Ammosphaeroidina pseudopauciloculata (Mjatliuk) I II I I II IV

Annectina biedai Gradstein et Kaminski I

Annectina grzybowskii (Jurkiewicz) I I I

Aschemocella grandis Grzybowski) II II I

Aschemocella sp. I I I

Bathysiphon div. sp. and Nothia div. sp. (fragments) VI VI VI IV VI VI VI VI VV IV

Budashevaella multicamerata Voloshinova II

Caudammina excelsa (Dyl¹¿anka) (fragments) I VI I IV III

Caudammina gigantea Geroch I

Caudammina cf. gigantea Geroch I

Caudammina ovula (Grzybowski) V II III I I I I

Caudammina sp. II

Cribrostomoides  trinitatensis (Cushamn et Renz) I

Cribrostomoides sp. I I

Cribrostomoides subglobosus (Cushamn) I II II II I I

Cribrostomoides cf.  subglobosus (Cushamn) I

Cystammina sp. I

Gerochammina conversa (Grzybowski) II II

Gerochammina lenis (Grzybowski) VI IV V

Glomospira  diffundens Cushman et Renz I III I I

Glomospira charoides (Jones et Parker) II I I III III I VI

Glomospira glomerata (Grzybowski) I I I II I

Glomospira gordialis (Jones et Parker) IV I III I II I IV

Glomospira irregularis (Grzybowski) I IV II II I III

Glomospira cf. irregularis (Grzybowski) 1 I I

Glomospira serpens (Grzybowski) I I I

Glomospira sp. I I I

Glomospirella cf. grzybowskii (Jurkiewicz) I I I

Haplophragmoides eggeri Cushamn I I II II I

Haplophragmoides horridus (Grzybowski) I

Haplophragmoides kirki Wickenden I

Haplophragmoides  mjatliukae Maslakova I I

Haplophragmoides cf. mjatliukae Maslakova I

Haplophragmoides porrectus Maslakova I I

Haplophragmoides stomatus (Grzybowski) I

Haplophragmoides sp. II I I I

Hormosina trinatinensis (Cushman et Renz) II III II I

Hormosina velascoensis (Cushman) I I I I I I

Hormosina cf. velascoensis (Cushman) I I

Hyperammina elongata Brady I

Hyperammina sp. I

Kalamopsis grzybowskii (Dyl¹¿anka) I I I II

Karrerulina coniformis (Grzybowski)                        I I I
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Ta ble 1 con tin ued

Number of sample  › 99 100 101 96 97 98 102 103 104 101 A 105

Jaworzynka Fm. Mutne Sandstone Member £abowa Shale Fm.

Karrerulina horrida (Mjatliuk) V V V I II

Paratrochamminoides  heteromorphus (Grzybowski) I I I I I

Paratrochamminoides  irregularis (White) IV III IV I III III IV I IV

Paratrochamminoides acervulatus (Grzybowski) I II III I I

Paratrochamminoides deflexiformis (Noth) I

Paratrochamminoides gorayskii (Grzybowski II I I III

Paratrochamminoides mitratus (Grzybowski II I I I

Paratrochamminoides multilobus (Dyl¹¿anka) I

Paratrochamminoides cf.  multilobus (Dyl¹¿anka) I I

Paratrochamminoides olszewskii (Grzybowski) IV I I I II

Paratrochamminoides sp. I II III I II II II

Paratrochamminoides spp. IV III I IV

Paratrochamminoides uviformis (Grzybowski) 1 1

Psamosphaera sp. I I I I

Recurvoides div. sp. and Thalmannammina
subturbinata (Grzybowski)

VI III IV I VI VI VI IV IV VI

Remesella varians (Glaessner) II I

Reophax duplex Grzybowski I I III I I I

Reophax globosus Sliter IV III I

Reophax pilulifer Brady I I

Reophax  sp. I I

Psammosiphonella div. sp. (mainly),  P.  cylindrica
Glaessner (in fragments)

VI VI VI II VI VI VI VI VI III

Rhizammina sp. (fragments) I I

Rzehakina epigona (Rzehak) I I I

Rzehakina fissistomata (Grzybowski) I I

Rzehakina inclusa (Grzybowski) I III I

Rzehakina cf. inclusa (Grzybowski) I

Rzehakina minima Cushman et Renz II 1 I I I I

Rzehakina spp. I

Saccammina grzybowskii (Schubert) V III V II IV IV IV II I

Saccammina placenta (Grzybowski) III I VI II I III II I

Saccammina scabrosa Mjatliuk I I I I I

Saccammina sp. III III I I

Spiroplectammina spectabilis (Grzybowski) I II

Spiroplectinella dentata (Alth) 1

Spiroplectammina sp.

Subreophax scalaris (Grzybowski) I I

Subreophax splendidus (Grzybowski) II

Subreophax pseudoscalaris (Samuel) II I III II I II I

Trochammina bulloidiformis (Grzybowki) I 1 I

Trochammina cf. altiformis Cushamn et Renz I I

Trochammina globigeriniformis (Jones et Parker) I I I

Trochammina cf. globigeriniformis (Jones et Parker) 1

Trochammina quadriloba (Grzybowski) I

Trochammina sp. I I I I

Trochamminoides  variolarius (Grzybowski) IV I I II I IV

Trochamminoides grzybowskii Kamiñski et Geroch I II I I I I I

Trochamminoides proteus (Karrer) I I I

Trochamminoides subcoronatus (Grzybowski) and
Trochamminoides coronatus Brady                       

I I III II II III II II IV

Trochamminoides  sp. I

I – 1–5 spec i mens; II – 6–10; III – 11–20; IV – 21–50; V – 51–100; VI < 101
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Fig. 8. SEM-pho tos of foraminifera from the Mutne lo cal ity. A – Psammosiphonella cylindrica Glaessner (sam ple 97), B, D –
Psammosiphonella cylindrica Glaessner (s. 99), C – Psammosiphonella sp. (s. 97), E, F – Psammosiphonella linearis Brady (s. 99), G –
Nothia sp. (s. 96), H – Nothia sp. (s. 100), I – Nothia sp. (s. 99), J – Saccammina pla centa (Grzybowski) (s. 99), K, L – Saccammina pla -
centa (Grzybowski) (s. 100), £ – Ammodiscus cretaceus (Reuss) (s. 97), M – Ammodiscus sp. (s. 102). Scale bar = 100 µm
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Fig. 9. SEM-pho tos of foraminifera from the Mutne lo cal ity. A – Glomospira charoides (Jones et Parker) (sam ple 102), B, D –
Glomospira glomerata (Grzybowski) (s. 97), C – Glomospira irregularis (Grzybowski) (102), E – Glomospira cf. irregularis
(Grzybowski) (s. 100), F – Annectina grzybowskii (Jurkiewicz) (s. 102), G – Rzehakina min ima Cushman et Renz (s. 100), H – Rzehakina
epigona (Rzehak) (s. 97), I – Rzehakina inclusa (Grzybowski) (s. 102), J – Kalamopsis grzybowskii (Dyl¹¿anka) (s. 97), K – Reophax du -
plex Grzybowski (s. 99), L – Subreophax scalaris (Grzybowski) (s. 100), £ – Caudammina ovula (Grzybowski) (s. 99), M, N –
Caudammina ovula (Grzybowski) (s. 100). Scale bar = 100 µm
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Fig. 10. SEM-pho tos of foraminifera from the Mutne lo cal ity. A – Caudammina ovula (Grzybowski) (s. 100), B, C – Caudammina
excelsa (Dyl¹¿anka) (s. 100), D – Caudammina excelsa (Dyl¹¿anka) (s. 98), E – Haplophragmoides eggeri Cushaman (s. 97), F –
Haplophragmmoides horridus (Grzybowski) (s. 102), G, H – Trochamminoides pro teus (Karrer) (s. 100), I – Paratrochamminoides
mitratus (Grzybowwki) (s. 97), J – Paratrochamminoides sp.(s. 97), K – Trochamminoides sp. (s. 99), L – Trochamminoides grzybowskii
Kaminski et Geroch (s. 99), £ – Paratrochamminoides heteromorphus (Grzybowski) (s. 102). Scale bar = 100 µm



based on the lithostratigraphic po si tion within sed i men tary
se ries of the Magura Nappe pro file (Bieda et al., 1963;
Cieszkowski et al., 2000; Chodyñ, 2002; Geroch et al.,
1967; Oszczypko, 1992 a, b; Paul & Ry³ko, 1996; Ry³ko,
2004; Unrug, 1969). The cited foraminiferal as sem blages
(Geroch et al., 1967; Sikora & ¯ytko, 1960; Golonka &
Wójcik, 1978) were de scribed as tax o nom i cally poor, con -
tain ing Dorothia crassa (Marsson), Remesella varians
(Glaessner), Gerochammina lenis (Grzybowski), Caudam-
mina excelsa (Dyl¹¿anka), spe cies char ac ter is tic for the
Senonian–Paleocene in ter val. The pres ence of the Rze-

hakina inclusa (Grzybowski) form in the sam pled se quence
in the type lo cal ity of Mutne Sand stone Mem ber) ex plic itly
in di cates sed i men ta tion in the Late Cre ta ceous. Gen er ally,
the spe cies Rzehakina inclusa (Grzybowski) is rare and rep -
re sented by lim ited num ber of spec i mens in the as sem blage. 
This hap pened also in the Mutne Sand stone Member de pos -
its, where Rzehakina inclusa (Grzybowski) oc curred as sin -
gle spec i mens within the as sem blage ex tracted from the 0.5
kg sam ple of dry muddy ma te rial. Only two sam ples (no. 98
– quarry and no 102, Tab 1, Fig. 9) among seven analyzed
do con tain this species.
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Fig. 11. SEM-pho tos of foraminifera from the Mutne lo cal ity. A – Paratrochamminoides irregularis (White) (s. 99), B –
Paratrochamminoides irregularis (White) (s. 97), C – Ammosphaeroidina pseudopauciloculata (Mjatliuk) (s. 102), D –
Ammosphaeroidina pseudopauciloculata (Mjatliuk) (s. 101), E – Spiroplectinella dentata (Alth) (s. 100), F – Recurvoides walteri
(Grzybowski) (s. 97), G – Recurvoides walteri (Grzybowski) (s. 102), H, I, J – Gerochammina lenis (Grzybowski) (s. 102), K, L –
Remesella varians (Glaessner) (s. 102). Scale bar = 100 µm



PALAEOGEOGRAPHY AND SE QUENCE
STRA TIG RA PHY

The Me so zoic and Ce no zoic palaeogeography of the
Outer Carpathians re flects the se ries of con ti nen tal break-
ups, rifts and col li sions (Golonka et al., 2000; 2003; 2005;
2006; Golonka, 2004). The Magura Ba sin orig i nated as part
of the Penninic-Pieniny Klippen cre ated dur ing Me so zoic
time be tween Tethyan ter ranes and Eur asia. Dur ing the
Cenomanian and Turonian, com pres sion em braced the In -
ner Carpathians and sev eral nappes with north ward po lar ity
de vel oped. Subduction con sumed the ma jor part of the
Pieniny Klippen Belt Ocean. As an ef fect of these move -
ments the In ner Carpathians and Alps jointed with the Adria 
plate and the Alcapa terrane was cre ated. In the Ceno-
manian pe riod, sub si dence was faster than the sed i men ta -
tion rate (Poprawa et al., 2006a, b) and uni form, deep-wa ter 
pe lagic sed i men ta tion of radiolarites, green and red shales
em braced a greater part of the Outer Carpathians bas ins. In
the Outer Carpathians dur ing this stage, sev eral ridges were
up lifted as an ef fect of the orogenic pro cess. These ridges
dis tinctly sep a rated sev eral subbasins, namely Magura,
Dukla-Fore-Magura, Silesian, Chernahora-Audia, Skole-
Tarcau subbasins (Golonka et al., 2006). More outer sub-
bas ins (Skole, Silesian, Dukla-Fore Magura) reached di ag o -
nally the north ern mar gin of the Outer Carpathians and suc -
ces sively ter mi nated to wards the west. From up lifted ar eas,
sit u ated within the Outer Carpathian realm as well as along
its north ern mar gin, enor mous amount of clastic ma te rial
was trans ported by var i ous tur bid ity cur rents. This ma te rial
filled the Outer Carpathian bas ins. Each ba sin had the spe -
cific type of clastic de pos its, and sed i men ta tion com menced 
in dif fer ent time. In the west ern part of the area these
turbidites were ter mi nated dur ing late Turonian/Coniacian
time by slump de pos its. In the Silesian ba sin sed i men ta tion
started dur ing the Late Turonian–Early Coniacian and
lasted up to the Early Eocene, be ing mainly rep re sented by
thick bed ded, coarse-grained turbidites and fluxoturbidites
(Godula beds, Istebna beds and Ciê¿kowice Sand stone).
The sup ply of clastic ma te rial into the outer part of the
Magura ba sin, which in cluded the de pos its in the Siary sub -
unit, was tra di tion ally re lated to the up lift of Silesian ridge

(e.g. Oszczypko, 1992a, b, c, 1999; Oszczypko et al., 2003;
Poprawa et al., 2006 a, b). This ap proach does not take into
con sid er ation the or i gin of sev eral new bas ins. In the West -
ern Carpathians, north of the Magura Nappe, there are sev -
eral units, which are char ac ter ized by the oc cur rence of the
Up per Cre ta ceous–Eocene sed i ments sim i lar to those of the
Magura Nappe and the Oligocene de pos its sim i lar to those
from the Silesian unit. From the West, there are: the Fore-
Magura sensu stricto, Obidowa-S³opnice, Jas³o, Grybów
and Dukla units. The re la tion be tween these units is not
clear but it is sup posed that the Grybów Unit was lo cated in
the more in ter nal po si tion than the Dukla Unit or rep re sents
a pro lon ga tion of the south ern part of the Dukla Unit. Dur -
ing the Late Cre ta ceous–Eocene, these units were sep a rated
from the Silesian Ba sin by the Silesian ridge, re or ga nized
by the tec tonic move ments. The sep a ra tion from the Magura 
ba sin is more enig matic. Sim i lar i ties of the de pos its de vel -
oped dur ing the Late Cre ta ceous–Palaeo cene time sug gest
then ex ist ing con nec tion be tween Magura and Dukla
(Dukla–Fore-Magura) bas ins (Cieszkowski, 1992, 2003;
Œl¹czka, 2000). The de vel op ment of the Palaeogene car bon -
ate plat form, which sup plied the ma te rial to the bas ins,
where the Lithothamnium sand stones within the flysch de -
pos its were formed, in di cates the ex is tence of the ridge in
this area. Its ex is tence was sup posed by Cieszkowski (1992: 
p. 85, fig 13; p. 87. fig. 14), later named the Grybów ridge
(Cieszkowski, 2001). The va ri ety of flysch fa cies de vel oped 
in the partly sep a rated subbasins in di cated the en-ech e lon
ar range ment of these subbasins. The Late Cre ta ceous re or -
ga ni za tion of the Silesian ridge and ad ja cent basinal ar eas
was per haps caused by the large strike-slip faults. The or i -
gin of these faults is re lated with the orogenic pro cess in the
East Carpathians. The Fore-Magura group of subbasins was 
formed in the transtensional re gime. The en-ech e lon arran-
gement of these subbasins is a re sult of pull-apart pro cess
caused by ma jor strike-slip faults of NW–SE ori en ta tion.
The Fore-Magura ridge (cor dil lera), called also the Grybów
ridge (Cieszkowski, 1992, 2001) (Figs 12, 13), orig i nated
dur ing the Late Cre ta ceous re or ga ni za tion (Golonka et al.,
2005). This ridge was re spon si ble for the sup ply of the
prox i mal turbidites of the Mutne Sand stone Mem ber. The
mea sured transport di rec tions (e. g., Ksi¹¿kiewicz, 1962;
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Fig. 12. Palinspastic cross-sec tion show ing the Outer Carpathian bas ins dur ing Late Cre ta ceous–Palaeogene. Ab bre vi a tions: FC –
Fore-Magura ridge (cor dil lera), FM – Fore-Magura ba sin, Mg – Magura basin, Si – Silesian ba sin, SK – Skole basin, SC – Silesian ridge
(cor dil lera), SS – Sub-Silesian ridge  (from Cieszkowski et al., 2006a; mod i fied)



Ry³ko, 1992) are per pen dic u lar to the ridge that is gen er ally
from the North. Ex act di rec tion is ob scured by the ro ta tion
dur ing the fi nal orogenic pro cesses in the Outer Carpathians 
(Golonka et al., 2006). Up lift of the Fore-Magura ridge re -
sulted in de po si tion of the fluxoturbidites dur ing the Maa-
strichtian–Early Palaeocene. Then, on the south ern slope of
this ridge, on its lower slope and to ward the ba sin, car bon -
ate sed i men ta tion of marls and lime stones, partly calciturbi- 
dites, took place. Some of them slided to the ba sin and for-
med clasts, olistoliths or debrites de scribed from the Mutne
Sand stone. Ob ser va tions of them sug gests that flysch rich
of calciturbidites, more sim i lar to Altenkbach beds than Ja-
worzynka For ma tion, could have been de pos ited, at slope
base. The de struc tion of ridges and ris ing subsidence caused 
the re place ment dur ing Late Palaeo cene–Early Eocene of
the Mutne Sand stone Mem ber turbidites by dis tal “nor mal”
flysch of Ropianka (Inoceramus) type, and suc ces sively by
hemipelagic de pos its of the £abowa Formation.

The Up per Cre ta ceous–Palaeogene de pos its of the Ma-
gura Nappe may be sub di vided into three turbidite com -
plexes. Each of them be gins with pelitic basinal de pos its
(var ie gated shales) which pass into thin-and me dium-bed -
ded turbidites with in ter ca la tions of allodapic lime stones/
marls, and then into thick-bed ded ones. Fi nally, there are
thin-bed ded turbidites (Oszczypko, 1992c; Golonka et al.,
2005). The Campanian/Maastrichtian–Palaeocene is one of
these com plexes. It reflects the geodynamic de vel op ment of 
the ba sin, that is re or ga ni za tion of ridges. In creas ing
amount of clastic ma te rial to the Siary depositional area can
be re lated to the up lift and de struc tion of the Fore-Magura
ridge. The sig nif i cant de struc tion of the ridge was lead ing to 
the be gin ning of a new com plex. In the Siary sub unit it
starts with the hemipelagic de pos its of the £abowa For ma -
tion. The Campanian/Maastrichtian–Palaeocene com plex
cor re sponds very well with the global time slice 26 – Up per
Zuni IV, one of the 32 superse quences, dis tin guished dur ing 
the Phanerozoic times (Golonka & Kiesling, 2002). This
supersequence be gan with a high sea-level, which slowly
low ered, than dropped dra mat i cally at the Selandian–Tha-
netian bound ary. The lower Thanetian un con formity is re -
lated to the in ver sion in Eu rope and con ver gence in Tethys
(Golonka 2002; Golonka & Kiesling, 2002). The de vel op -
ment of the Magura se ries de pos its in di cates a pos si bil ity of
application of sequence stratigraphy in the Western Flysch
Carpathian Flysch basins.

GEOTURISTIC AND CON SER VA TION
AS PECTS

Geotourism emerged re cently as an ap plied sci ence in -
te grat ing tour ism and Earth sci ences, es pe cially ge ol ogy.
Ac cord ing to S³omka and Kiciñska-Œwiderska (2004), a
geotour ist ob ject is a geo log i cal ob ject that is or may be -
come a sub ject of tour ism. The sci en tific value, ed u ca tional
value and ac ces si bil ity are im por tant as pects of the po ten tial 
geotouristical ob ject. The type lo cal ity of the Mutne Sand -
stone Mem ber pro vides high sci en tific and ed u ca tional

valours. It was a sub ject of in ten sive in te grated stud ies in -
clud ing geo log i cal, sedimentological, pet ro log i cal, struc -
tural, micropalaeontological and strati graphic ob ser va tions.
The rocks are well ex posed al low ing in ter est ing ed u ca tional 
field lec tures and ex er cises for stu dents and tour ists in ter -
ested in sed i men tary con di tions of fluxoturbiditic sand -
stones in the deep-wa ter flysch bas ins. It con tains the large
amount of sedimentological fea tures, in clud ing hiero-
glyphs, ripplemarks and olistoliths. The Mutne lo cal ity was
among the 26 best ar eas in Pol ish West ern Flysch Car-
pathians cho sen by the au thors of geo log i cal guide ed ited by 
Unrug (1969). It was also men tioned as one of the lo cal i ties
pro posed for pro tec tion by Alexandrowicz and Poprawa
(2000). The out crops are lo cated at the main high way from
Silesia to the Beskid Wysoki rec re ational and ski ar eas in
Korbielów vi cin ity, as well as to Slo vak Orava and Tatra
Moun tains. Tour ist traf fic is heavy here and will in crease
af ter im ple men ta tion of Schengen Agree ment, when the
road will pro vide the most con ve nient route from in dus trial
ar eas in Silesia to Zakopane and High Tatras. The cliffs at
Mutne serve also as a rock climb ing ex er cise area. The in -
fra struc ture is rel a tively well de vel oped in the vi cin ity of
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Fig. 13. Palaeogeography of the Outer Carpathian bas ins dur ing
the Late Cre ta ceous. BG – Bucovinian-Getic, Co – Chernohora,
Porkulec, Audia, Teleajen, Cr – Czorsztyn ridge, Du – Dukla, FC
– Fore-Magura ridge (cor dil lera), FM – Fore-Magura ba sin, Gr –
Grybów, Mg – Magura, Mn – Manin, Si – Silesian ba sin, SK –
Skole, SC – Silesian ridge (cor dil lera), SS – Sub-Silesian ridge, Tc 
– Tarcau, Zl – Zlatna (from Cieszkowski et al., 2006a – mod i fied)



Mutne, in clud ing many ho tels, board ing houses and fa mous
Stara Karczma in Jeleœnia. The main quarry is eas ily ac ces -
si ble and safe, the cliffs along the high way re quire clean ing
and es tab lish ing of walk ing trail. It is also highly de sir able
to protest this area as abiotic nature monument. The Mutne
type locality will became one of the main geoturist attrac-
tions in the planned cross-boarder Beskidy geopark.

CON CLU SIONS

The Mutne Sand stone Mem ber is the lithostratigraphic
unit char ac ter is tic for the Siary tectono-fa cies subunit of the 
Magura Nappe, best de vel oped in the re gion be tween Jawo- 
rzynka and Sucha Beskidzka, where the most rep re sen ta tive 
pro files are lo cated. The micropalaeontological anal y sis of
as sem blages of the ag glu ti nated deep-wa ter forams doc u -
ments the Late Maastrichtian age of the Mutne Sand stone
Mem ber in the type lo cal ity near the Mutne vil lage, ¯ywiec
Dis trict, Silesian prov ince, Po land. The var ie gated shales of 
the £abowa Shale For ma tion con tain the Late Palaeocene
as sem blage of ag glu ti nated forams. So the age of the Mutne
Sand stone Mem ber was de ter mined as Maastrichtian–
Palaeocene; its Palaeocene age com ing from the po si tion of
this lithosom within the Magura Nappe pro file. The sup ply
of clastic ma te rial into the Mutne Sand stone Mem ber was
re lated to the Late Cre ta ceous emer gence of the Fore-
Magura Ridge, which sep a rated Magura and Fore-Magura
bas ins. The tur bid ity cur rents trans ported the ma te rial from
the ridge into the outer part of the Magura ba sin. The
Campanian/Maastrichtian–Palaeocene com plex of the Siary 
Subunit de pos its pro vides the per fect example for ap pli ca -
tion of supersequences into the West ern Flysch Carpa- thian 
ba sin. It fits the Up per Zuni IV supersequence and global
time slice. The Mutne type lo cal ity is also a prime geo-
tourist attraction and object of inanimated nature proposed
for protection.
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Streszczenie

LO CUS TYPICUS OGNIWA PIASKOWCÓW
Z MUTNEGO FORMACJI Z JAWORZYNKI

W POLSKICH KARPATACH ZEWNÊTRZNYCH 

Marek Cieszkowski, Jan Golonka, Anna Waœkowska-Oliwa 
& Rafa³ Chodyñ

Piaskowce z Mutnego wystêpuj¹ przede wszystkim w se-
kwencji utworów serii magurskiej, typowej dla zachodniego se-
ktora brze¿nej (pó³nocnej), facjalno-tektonicznej strefy p³aszczo-
winy magurskiej, zwanej stref¹ Siar (sensu Koszarski et al. 1974)
(Fig. 1). Profil serii magurskiej obejmuje tu utwory od póŸnej
kredy po wczesny oligocen. Strefê Siar wyró¿niaj¹ spoœród innych 
stref przede wszystkim utwory eocenu i wczesnego oligocenu, ale
w jej zachodnim sektorze na terenie Polski bardzo charakterys-
tyczne s¹ tak¿e utwory póŸnej kredy. W sekwencji osadowej tego
rejonu wydziela siê kilka jednostek litostratygraficznych o randze
formacji i ogniw (por. Cieszkowski et al. 2006a).

Nazwa – ogniwo piaskowców z Mutnego (og.) formacji z Ja-
worzynki (fm.) sensu Oszczypko et al. (2006) pochodzi od wsi
Mutne ko³o Jeleœni (woj. œl¹skie, zachodnie Karpaty fliszowe).
Profil stratotypowy znajduje siê na S stoku Janikowej Grapy i
rozci¹ga siê wzd³u¿ prawego brzegu Koszarawy we wsi Mutne
(Fig. 1, 2). Typowe pro file obejmuj¹: wychodnie w Jaworzynce, w 
prawym brzegu potoku Krê¿elka; kamienio³omy i ³omy w górze
Wawrzeczów-Groñ (Jaworzynka); kamienio³omy i ³omy w górze
£yska (Rychwa³dek) oraz ods³oniêcia w Kukowie lewym dop³y-
wie Lachówki (przysió³ek Rzyczki) (Fig. 2, 3, 4). Mi¹¿szoœæ
ogniwa w obszarze stratotypowym 150 m.

W profilu litologicznym dominuj¹ œrednio- i gruboziarniste,
niekiedy zlepieñcowate piaskowce grubo³awicowe, czêsto amal-
gamowane. Obecne s¹ równie¿ ³awice zlepieñcowate. Piaskowce
s¹ barwy stalowoszarej, po zwietrzeniu staj¹ siê jasnobrunatne lub
szare. Zwykle dolne czêœci ³awic s¹ masywne, a w górnych wi-
doczne s¹ laminacje równoleg³e, faliste oraz przek¹tne. Czêsto
obserwowana jest gradacja ziaren, notowane s¹ równie¿ obecnoœci 
klastów ³upkowych, toczeñców uzbrojonych, jak równie¿ mecha-
noglify (œlady wleczeniowe, jamki wirowe) na powierzchniach
sp¹gowch oraz na stropach œlady organiczne. W petrograficznym
sk³adzie szkieletu ziarnowego piaskowców dominuje kwarc, w
mniejszej iloœci wystêpuj¹ skalenie, okruchy wapieni, oraz ³up-
ków mikowych, fyllitów i innych ska³ metamorficznych, a tak¿e

klasty ³upków lub margli. Zwykle obecny jest w skale muskowit,
niekiedy biotyt, a miejscami pojawia siê te¿ glaukonit. Twarde
margle, podobne do tych, które wystêpuj¹ w drobniejszych klas-
tach, w piaskowcach tworz¹ klasty znacznych rozmiarów, a nawet
olistolity (Cieszkowski et al., 2000; Chodyñ, 2002). Piaskowcom
towarzysz¹ ³upki ciemnoszare lub prawie czarne, czêsto mu³ow-
cowe z muskowitowym pelitem i detrytusem roœlinnym, tworz¹ce
wk³adki od kilku do kilkudziesiêciu centymetrów (Fig. 5, 6). Od
sp¹gu piaskowce z Mutnego granicz¹ z utworami cienko- i
œrednio³awicowego fliszu formacji z Jaworzynki, natomiast od
stropu z pstrymi ³upkami formacji z £abowej lub z kilkunasto-
metrowej mi¹¿szoœci kompleksem formacji z Jaworzynki. Wiek
ogniwa okreœlony zosta³ na póŸny mastrycht–paleocen. Do
ogniwa piaskowców z Mutnego (og.) zosta³y w³¹czone piaskowce
z £yski wyró¿nione przez Burtan w rejonie Pewli Ma³ej i Jawo-
rzynki (Burtan et al., 1959; Nowak, 1964; Burtan, 1973a, b) oraz
piaskowce arkozowe wyró¿nione przez Ksi¹¿kiewicza (1974a, b)
w rejonie Suchej Beskidzkiej.

W celu ustalenia wieku sedymentacji piaskowców z Mutnego 
zosta³y wykonane badania biostratygraficzne w oparciu o zespo³y
ma³ych otwornic (Fig. 7). Z taksonów istotnych biostratygra-
ficznie wystêpowa³ szereg gatunków charakterystycznych dla
senonu i paleocenu. Gatunkami typowymi dla karpackich osadów
póŸnokredowych by³y: Gerochammina lenis (Grzybowski), Cau-
dammina gigantea (Geroch) oraz reprezentowane przez poje-
dyncze egzemplarze Rzehakina inclusa (Grzybowski). Obecnoœæ
Rzehakina inclusa (Grzybowski) przes¹dza o póŸnokredowym
wieku opróbowanych osadów (Tab. 1). Ponadto, w zespole repre-
zentowany jest szereg form typowych dla najpóŸniejszej kredy–
paleocenu. W analizowanym materiale s¹ to Glomospira diffun-
dens Cushman et Renz, Annectina grzybowskii (Jurkiewicz),
Caudammina ovula (Grzybowski), Caudammina excelsa (Dyl¹-
¿anka), Hormosina velascoensis (Cushman), Remesella varians
(Glaessner), Spiroplectammina spectabilis (Grzybowski), Rzeha-
kina epigona (Rzehak), Rzehakina min ima Cushamn et Renz
(Tab. 1, Fig. 8–11). Pojawienia wiêkszoœci wymienionych powy-
¿ej gatunków w g³êbokomorskich zbiornikach karpackich poda-
wane s¹ z mastrychtu (Olszewska, 1997; Kamiñski & Gradstein,
2005; Morgiel & Olszewska, 1981; Jednorowska, 1975). Zespo³y
o bardzo zbli¿onym sk³adzie taksonomicznym zosta³y stwier-
dzone w osadach formacji z Jaworzynki, tu¿ pod sp¹giem pias-
kowców z Mutnego (og.). W osadach formacji z £abowej, w
pstrych ³upkach (strefa sp¹gowa tego wydzielenia) wystêpuj¹
zespo³y o charakterze paleoceñskim gatunkami indeksowymi, tj.
Rzehakina fissistomata (Grzybowski) i Haplophragmoides mja-
tliukae Maslakova. Liczna obecnoœæ Spiroplectammina specta-
bilis (Grzybowski) w próbce pobranej z najni¿szej czêœci formacji
z £abowej oraz masowe wyst¹pienie otwornic z rodzajów
Glomospira oraz Recurvoides w próbce pobranej 1 m powy¿ej w
profilu sugeruje, i¿ to s¹ zespo³y póŸnopaleoceñskie. Wiek pias-
kowców z Mutnego zosta³ okreœlony na mastrycht–paleocen, przy
czym udokumentowany paleontologicznie jest tylko wiek ma-
strychcki, natomiast paleoceñski w dalszym ci¹gu wynika z
po³o¿enia tego litosomu w obrêbie profilu jednostki magurskiej
strefy Siar.

Górnokredowo-paleogeñskie osady jednostki magurskiej s¹
rozdzielone na 3 kompleksy turbidytowe. Jednym z nich jest kom-
pleks kampañsko-paleoceñski. W nim zapisane jest sta dium
geodynamicznego rozwoju basenu, które g³ównie dotyczy reor-
ganizacji grzbietów dziel¹cych baseny. Wzrost iloœci materia³u
klastycznego dostarczanego do obszaru depozycyjnego jednostki
Siar mo¿e byæ wi¹zany z destrukcj¹ grzbietu przedmagurskiego
(grybowskiego), który dostarcza³ materia³ do tej czêœci zbiornika
karpackiego (Fig. 12, 13). Jest to jeden z koñcowych etapów cyklu 
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turbidytowego, gdy¿ nowy zaczyna siê w póŸnym paleocenie
sedymentacj¹ osadów hemipelagicznych formacji z £abowej.
Kampañsko-mastrychcko-paleoceñski kompleks jest korelowa-
ny z supersekwencj¹ 26 – Up per Zuni IV, jedn¹ z 32 supersek-
wencji wyró¿nionych w fanerozoiku (Golonka & Kiesling, 2002).

Istotnym aspektem, w œwietle dynamicznie rozwijaj¹cej siê
obecnie geoturystyki, jest promowanie stanowisk geologicznych,

które nios¹ wiele wartoœci poznawczych z zakresu nauk o ziemi.
Stratotyp piaskowców z Mutnego, znajduj¹cy siê na Janikowej
Grapie jest miejscem, które spe³nia wszystkie kryteria obiektu
geoturystycznego. Nale¿y podkreœliæ wartoœæ naukow¹ tego
ods³oniêcia (gdy¿ jest to miejsce w którym od lat szeœædziesi¹tych
prowadzone s¹ analizy geologiczne), historyczn¹, jak równie¿
edukacyjn¹.
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