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Ab stract: Gneis sic ex otic peb bles from the Cisna beds (Dukla tec tonic unit) in the re gion of Wo³osate (Bi esz-
c zady Mts., East ern Car pa thi ans) were in ves ti gated. These ex otic peb bles are from 9.5 to 13 cm in size. Bas ing on
the struc tural fea tures, the fol low ing groups of ex otic peb bles were dis tin guished: gran itic gneis ses, lami nated
gneis ses, fla ser gneis ses and my lo nitic gneis ses. Gran ite – gra no dio rite pro to lith was de formed in the shear zone;
strain par ti tion ing was proba bly an im por tant pro cess dur ing de for ma tion. The ob served struc tures al low to
de ter mine the tem pera ture of meta mor phism as 500–550°C. The lower limit of pres sure was de ter mined bas ing on
phen gite geo ba rome ter as 5 kbar. The na ture and lo cal iza tion of the source area can be simi lar to the Bre tila
se quence from the Ro ma nian East ern Car pa thi ans.
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IN TRO DUC TION

The in ves ti ga tions of ex otic peb bles from the Carpa-
thian flysch started in the sec ond half of the 19th cen tury.
New data avail able in this field and new re search meth ods
give more pos si bil i ties of ge netic in ter pre ta tion of ex otic
peb bles in the con text of palaeofacies, palaeobiogeographi-
cal, geodynamic and palinspastic re search. Ex otic peb bles
of meta mor phic rocks were de scribed from many lo cal i ties
of the Pol ish Carpathian flysch (i.e. Ksi¹¿kiewicz, 1931;
Wieser, 1949, 1970; Michalik et al., 2004; Skulich 1986,
2002). Nev er the less, there is still some ma te rial worth to be
stud ied. The ex otic peb bles of meta mor phic rocks from the
Dukla tec tonic unit crop ping out near Wo³osate vil lage in
the Bieszczady Moun tains (East ern Carpathians) are the
sub ject of this in ves ti ga tions. This pa per aims at de scrib ing
micro struc tures of 15 ex otic peb bles from the Dukla tec -
tonic unit. Petrographic de scrip tion of the peb bles was used
for the in ter pre ta tion of the source of sed i men tary ma te rial
in the Dukla tec tonic unit (also called the Dukla Nappe).

B¹k and Wol ska (2005) de scribed ex otic peb bles of
meta mor phic rocks from the Cisna beds of the Dukla tec -
tonic unit near Wo³osate vil lage. These authors sub di vided
the peb bles into the fol low ing groups: gneis ses con tain ing
al bite por phy ro blasts, gneis ses with mi cro cline por phy ro -
blast, and strongly cata clased gran itic gneis ses. Geo chemi -

cal in ves ti ga tions docu mented per alu mi nous S- type grani -
toids as protho lith (B¹k & Wol ska, 2005). The dat ing of mi -
cas from these gneis ses, us ing K/Ar method, re veals the age
304.9 ± 11.4 Ma (Po prawa et al., 2004). The min eral com -
po si tion of ex otic peb bles is simi lar to the that of the Cisna
Sand stone.

GEO GRAPH ICAL AND GEO LOG I CAL
SET TING

The in ves ti gated ex otic peb bles were col lected in the
area of Wo³osate vil lage in the Bi eszc zady Moun tains
(southeast ern Po land). The Bi eszc zady Mts. con sti tute the
west ern most part of the East ern Car pa thi ans and ex tend
from the £up ków Pass and Os³awa River in the west to the
Œwica River (Vyshkovskyi Pass, Ukraine) in the east. The
ex otic peb bles were col lected in three creeks: Wo³osatc zyk,
Po³on inka (Zworc zyk Ksiê¿y on some maps) and Szcza-
wianka (Szczaw inka on some maps). These creeks are left
tribu tar ies of the Wo³osatka stream (Fig. 1), and have their
head wa ters in so- called “Bor der Ridge”.

The Bi eszc zady Mts. are part of the outer East ern Car -
pa thi ans. Two main tec tonic units (nap pes) in this area are
the Sile sian Unit and the Dukla Unit. The over thrust of the
Dukla unit over the Sile sian Nappe is lo cated a lit tle west -



wards of the Wo³osatka stream and is ob served through the
low est parts of creeks, where the ex am ined ex otic peb bles
were col lected (Fig. 1). The fol low ing lithos tra tigraphic
units con sti tute the Dukla Unit in this area: £up ków beds,
Cisna beds, Majdan beds and Hi ero glyphic beds.

The Cisna beds form one of the main li to stra tigraphic
units of the east ern part of the Dukla Nappe (Œl¹czka,
1971). The Cisna beds build the ma jor ity of moun tain ridges 
in this part of the Car pa thian Mts., due to their re sis tance to
weath er ing. The unit, built of flysch de pos its, is up to 1200
me ters thick. It at tains the great est thick ness in the Bystre
and Solinka re gion. The thick ness de creases south east-
wards. Two main sand stone types are char ac ter is tic for the
Cisna beds (Œl¹czka, 1971).

The first one con sists of thick- bedded coarse- grained
po lymic tic sand stones. They are com posed mainly of
quartz, feld spars and clasts of lid ites and meta mor phic
rocks. In finer grained beds, mus co vite and bio tite are also
pres ent. The rocks are greyish- blue to yellowish- grey on
weath ered sur face. Quartz con sti tutes up to 50% of the rock
mass. In the coarse frac tion, the grains of poly crys tal line
quartz oc cur. Feld spars are mostly al tered (ser iciti za tion,
kao lini ti za tion). Pla gio clases domi nate, but K- feldspars are
also pres ent. Moreo ver, sand stones con tain litho clasts of
quartz ites and or gano genic lime stones. Mi cro fauna is
poorly rep re sented in this type of sand stones.

The sec ond type of the Cisna beds sand stones con sists
of fine- grained mica sand stones, grey in col our. They oc cur
mainly in the south ern part of the Dukla Unit, south east of
Us trzyki Górne, where the ex otic peb bles in ques tion were
col lected. Sand stone beds are sepa rated by thin lay ers of
hard, grey shales. Poorly rep re sented ag glu ti nat ing fora -
mini fera in di cate the late Cam panian–early Pa leo cene age
of the Cisna beds (Œl¹czka, 1971).

MA TE RI ALS AND METH ODS

The field work was lim ited to col lect ing gneis sic ex otic
peb bles from the creeks, ac cord ing to per mis sion from the
Bi eszc zady Na tional Park (the in ves ti gated area is lo cated
in the part closed for the pub lic). Eight sam ples have been
of fered by Krzysz tof B¹k. All the ma te rial stud ied con sists
in to tal of thirty six sam ples (Tab. 1).

Dur ing the field work, it was not pos si ble to de ter mine
the po si tion of the gneis sic ex otic pebbles- bearing layer in
the Cisna beds sec tion. Ac cord ing to our own ob ser va tions
and ear lier sug ges tions (B¹k & Wol ska 2005), it is pos si ble
to state that they surely come from the Cisna Sand stone,
proba bly from the lower part of the suc ces sion. The fol low -
ing facts lead to this con clu sion: (1) gneis sic ex otic peb bles
were found in the low est parts of creeks, their number in -
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Fig. 1. Lo cal iza tion of the ex otic peb bles stud ied in the area of Wo³osate vil lage, Bieszczady Mts. The po si tion of the Dukla overthrust
af ter B¹k and Wolska, 2005; sim pli fied



creases when go ing up stream, (2) in the up per most parts of
streams, the ex otic peb bles are lack ing. It is im por tant to
em pha sise that the ex otic peb bles con sti tute only small part
of the creek de bris. Their main com po nents are blocks of
sand stones of the Cisna beds.

Dif fer ent shapes of the col lected ex otic peb bles are
shown on the Zingg dia gram (Fig. 2). The ex otic peb bles
rep re sent all four shape classes. Due to small size of the ma -
jor ity of sam ples, e.g. mid dle axis B of the larg est is about
15 cm (Ta ble 1), it is dif fi cult to de ter mine whether they
rep re sent whole rock or only its most re sis tant parts. Beca-
use of this fact, only rela tively large peb bles, with B > 4 cm,
were se lected for de tailed re search. Moreo ver, in many, also 
larger sam ples, ad vanced weath er ing pro cesses are ob -
served, evi denced e.g. by the Lie se gang rings.

The main in ves ti ga tion method was op ti cal mi cros copy
(Nikon Eclipse E600POL mi cro scope). Uni ver sal thin sec -
tions were cut per pen dicu larly to the fo lia tion. Mi cro pho to -
graphic docu men ta tion was made us ing Nikon digi tal cam -
era. Min eral com po si tion of the rocks was de ter mined us ing 
the mo dal com po si tion method (Ta ble 2). About 1200
points were counted in every thin sec tion. Moreo ver, mi cro -
pho to graphic docu men ta tion of rocks was made. Two types
of quartz were dis tin guished: (1) quartz in pure quartz lay -
ers, and (2) quartz in quartz- feldspars lay ers. Simi larly,
feld spars were counted sepa rately for these in the ma trix
and in augens. The grains show ing op ti cal fea tures typi cal
for bio tite were counted as this min eral. Other min er als
simi lar to bio tite or chlo rite, and clean chlo rite were counted 
in one group: “bio tite al tera tions prod ucts”

Th chemi cal com po si tion of the main rock- forming
min er als was de ter mined us ing SEM- EDS method. Uni ver -

sal thin sec tions of se lected sam ples were ana lysed us ing
mi cro scope JEOL 5410 with EDS spec trome ter NO RAN
Voy ager 3100. Time of analy sis was 100s for a point, ac cel -
er at ing cur rent 20 kV. The ZAF cor rec tion al go rithm was
used.
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Ta ble 1

List and di men sions (in centi metres) of all col lected spec i mens of ex otic peb bles

Po³oninka Szczawianka Wo³osatczyk

Sample Short axis Middle axis Long axis Sample Short axis Middle axis Long axis Sample Short axis Middle axis Long axis

P1 6 4 3 SZ1 5 3 3 WK1 7 5 4

P2 5 2 1.5 SZ2 6 5 5 WK2 5 5 5

P3 6 3 3 SZ3 4 3 3 WK3 15 10 4.5

P4 13 10 6 SZ4 4.5 4 3 WK4 5 5 1

P5 6.5 5.5 2 SZ-a 2.5 1 1 WK5 15 9 4

P6 3.5 3 2.5 SZ-b 5 2.5 1.5 WK6 10 6 5

P7 4 2.5 2 SZ-c 3 1.5 0.5 WK7 9 7.5 3

P8 3.5 2 1 WK8 7 6 3

P-a 3.5 2 1 WK9 5.5 3.5 2.5

P-b 2.5 1 0.5 WK-a 2 1 0.5

P-c 2 1.5 0.5 WK-b 2.5 1.5 1

P-d 1.5 1 0.5 WK-c 3 2 1.5

P-e 1 0.5 0.5 WK-d 2 1.5 1

P-f 0.5 0.5 0.5 WK-e 1.5 0.5 0.5

WK-f 0.5 0.5 0.4

Sam ples of fered by K. B¹k are shown in ital ics. Sam ples se lected for anal y ses are marked in bold

Fig. 2. The po si tion of gneissic peb bles on the Zingg di a gram.
A – short axis, B – mid dle axis, C – long axis



RE SULTS

MIN ERAL COM PO SI TION
OF THE EX OTIC PEB BLES

Mo dal com po si tion was de ter mined in the thin sec tions
of se lected rocks (Ta ble 2). The most com mon min eral is
feld spar (es pe cially pla gio clases) and quartz. White mi cas
are pres ent in all sam ples. Un al tered bio tite is rare (only in
one thin sec tion), while the prod ucts of its al tera tions are
com mon. The chemi cal mi cro probe (EDS method) al lowed
us to de ter mine that the ma jor ity of augens are com posed of
al kali feld spars, whilst feld spars in the ma trix are mostly
pla gio clases. White mi cas in fo lia tion struc tures are phen -
gites, con tain ing dif fer ent amounts of Mg and Fe. A small
amount of white mica in the gran itic gneis ses and my lo nitic
gneis ses is rep re sented by mus co vite.

CLAS SI FI CA TION OF EX OTIC PEB BLES

The stud ied ex otic peb bles were clas si fied ac cord ing to
their struc tural char ac ter is tics. The no men cla ture of struc -
tures and rock types was par tially taken from ¯aba (1982).
The term “struc ture” was used in spite of “tex ture”, ac cord -
ing to the IUGS di rec tives (Smu likowski, 1992).

The clas si fi ca tion ap plied in this pa per is shown in
Fig. 3. All the in ves ti gated ex otic peb bles show di rec tional
pla nar struc tures, which were sub di vided into four sub-
 structures as fol lows:

a) My lo nitic struc ture: lay ers of fine grained, my lo ni -
tized feld spars and quartz. Lay ers have very sharp bounda -
ries. Augens are not pres ent.

b) Lami nated struc ture: lay ers are well de fined. Lay ers
of quartz and quartz- feldspar ma trix sur round al kali feld -
spar augens. This is the most nu mer ous group of the in ves ti -
gated sam ples. The peb bles in this group can be fur ther sub -
di vided ac cord ing to the size of augens: fine augens <5 mm, 
me dium augens 5–10 mm, and coarse augens >10 mm.

c) Fla ser struc ture: char ac ter ized by in ter lay er ing.
Common are also bands of mi cas, most of them be ing short
(up to 15 mm). All fla ser gneis ses con tain augens, 5–10 mm 
in di ame ter (me dium augens).

d) Granite- gneissic struc ture: di rec tional pla nar struc -
ture pres ent, but very poorly visi ble, em pha sized by elon ga -
tion of blasts.

RE VIEW OF STRUC TURAL TYPES OF GNEISS ES

My lo nitic gneis ses
Sam ple SZ1 is a small ex otic peb ble, show ing yel low -

ish-rusty col our. On the fresh sur face white quartz- feldspars 
lay ers, up to 3–4 mm thick, al ter nate with thin (1 mm)
quartz ones (Fig. 4a). The sam ple does not con tain augens.
It should be taken into ac count how ever, that small ex otic
peb bles may rep re sent only a part of the augen- free rocks.

Two types of lay ers may be dis tin guished us ing op ti cal
mi cro scope (Fig 4a). The first type is rep re sented by quartz
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Ta ble 2

Modal min eral com po si tion of se lected exotics

Laminated gneisses Flaser gneisses
Granitic
gneisses

WK8 P2 SZ2 SZ1 P3 WK5 P1

Number of counted points

Quartz (in quartz-only layers) 281 352 162 200 359 461 335

Matrix

quartz 136 90 220 203 108 103 278

plagioclases 491 621 118 611 464 321 380

alkali feldspars 51 38 45 22 65 80 73

Augens1 27 52 214 - 105 108 170

White micas 59 35 49 9 73 52 31

Biotite 0 0 21 0 0 0 0

Biotite alteration products (chlorites, hydromicas) 16 35 21 14 54 22 41

Total 1061 1223 850 1059 1228 1147 1147

Percentage composition

Quartz (in quartz-only layers) 26.6 28.8 19.0 18.9 29.2 40.2 25.6

Matrix

quartz 12.5 7.4 25.7 19.1 8.8 9.0 21.2

plagioclases 46.4 50.7 13.9 57.7 37.8 28.0 29.1

alkali feldspars 4.8 3.1 5.3 2.1 5.3 7.0 5.6

Augens1 2.5 4.3 25.3 - 8.6 9.4 13.0

White micas 5.6 2.9 5.8 0.9 5.9 4.5 2.4

Biotite 0.0 0.0 2.5 0.0 0.0 0.0 0.0

Biotite alteration products (chlorites, hydromicas) 1.6 2.8 2.5 1.3 4.4 1.9 3.1

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

1 Augens in ex otic peb bles: P2, SZ2, WK5 and P1 – al kali feld spars. in WK8 and P3 – plagioclases, mylonitic gneiss SZ1 does not con tain augens



lay ers, up to 1 mm thick, com posed only of its fine grains,
show ing un du la tory ex tinc tion. Small pla gio clases (be low
0.1 mm) are spo radi cally pres ent be tween the quartz grains.
The lay ers of the sec ond type are com posed mainly of pla -
gio clases (oli go clase, Ab72-88An12-28) and quartz, and sub -
or di nately of alkali- feldspars (or tho clase, Or80-97Ab,An3-20

and al bite Ab92An8; Ta ble 3). Feld spar blasts are bi mo dal in 
size: some have di ame ter about 0.1 – 0.3 mm, the other
show di ame ters about 0.01 mm. All the pla gio clases show
ad vanced ser iciti za tion pro cess.

The bands of phyllosilicates are com posed mainly of
small amount of dis persed, non-phengitic with #mg
(= MgO/ (MgO+FeO.)): 0.00–0.07 white mica (Ta ble 4).
Moreover strongly chloritized dark mica form ing thin, sub -
tle laminae oc cur.

Lam i nated gneiss es
A char ac ter is tic fea ture of these ex otic peb bles is the

pres ence of augens of dif fer ent size (Fig. 3). All other struc -
tural fea tures and min eral com po si tion are sim i lar. These
rocks are light-grey or green ish on fresh break ing sur faces
(sam ples P2, WK6, P4, WK7, WK8), or dark-grey to black
in samples SZ2, SZ4.

Pale-grey gneiss es are the most nu mer ous group of all
the col lected ex otic peb bles. All these rocks show pla nar
struc ture, em pha sized by quartz and quartz-feld spar lay ers.
Lam i nated struc ture is not as dis tinct as in the mylonitic
gneiss (sam ple SZ1). How ever, the mi cro scopic ob ser va -
tions al low clas si fy ing these gneisses as laminated.

Mi cro scopic ob ser va tion shows very well sep a rated
quartz and quartz-feld spar lay ers (Fig. 4b). The thick nesses
of layers vary in the range 0.2–3 mm. the lay ers of ten cross
one an other. The di am e ter of quartz blasts in quartz lay ers is 
be tween 0.2 and 0.3 mm. Most of the blasts show un du la -
tory extinction.

Feld spar-quartz lay ers con tain mostly sericitized pla-
gioclases (al bite or oligoclase; Ab89-99An1-11), and small
amount of K-feld spars (Or95-96Ab,An3-8; Ta ble 5), 0.01–
0.3 mm in size. In the larg est plagioclase blasts polysyn-
hetic al bite twins occur.

Augens are com posed mainly of al kali feld spars (ortho- 
clase Or92-97, with al bite perth ites; Ta ble 5). Some times
microcline and pericline twins form typ i cal cross-hatched
twinning. How ever, this “tar tan” is of ten de vel oped only
par tially on the sec tion sur face. Be sides, in fil trat ing perth -
ites can be ob served. Some al kali feld spar augens con tain
rel ics of strongly sericitized plagioclases show ing lamellar
twins. Between al kali feld spars and fine-grained plagio-
clase, back ground myrmekite is observed.
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Fig. 3. Struc tural clas si fi ca tion of gneissic peb bles stud ied. No men cla ture par tially af ter ¯aba (1982)

Ta ble 3

Microprobe anal y ses of feld spars in mylonitic gneiss es

SZ1-1a SZ1-2c

SiO2 69.23 65.22

Al2O3 16.50 24.08

K2O 11.75 0.59

Na2O 1.77 7.81

CaO 0.30 2.13

Fe2O3 0.06 0.17

TiO2 0.39 0.00

Total 100.00 100.00

Cations basing on 32 O atoms in the formula

Si 12.460 11.376

Al 3.500 4.952

K 2.698 0.131

Na 0.617 2.643

Ca 0.057 0.398

Fe3+ 0.008 9.023

Ti 0.052 0.000

Ab 18 83

An 2 13

Or 80 4



Phyllosilicates are dis trib uted cha ot i cally in the rocks.
White mica (phengite) forms mainly lay ers and mica fishes,
0.05–0.2 mm thick. The sum (FeO+MgO) in these min er als
vary from 1.6 to 7.6%, but the ma jor ity of anal y ses show the 
amounts above 3%, and #mg>0.2 (Ta ble 4). Un al tered bi o -
tite is pres ent in sam ples SZ2 and SZ4 (#mg:0.15; Table 6).

Chlorites are com mon sec ond ary min er als, be ing re -

spon si ble for mac ro scop i cally green ish col our of the rock.
Chlorites are of ten as so ci ated with veins of opaque mi-
nerals.

Flaser gneiss es
Five sam ples (WK2, WK5, P3, P5, SZ3) were in cluded

into this struc tural group.

46  M. KANIA & A. WOLSKA

Fig. 4. Op ti cal mi cro pho to graphs of gneiss es from the Wo³osate area. All the pho tos at crossed polars. a – quartz lay ers in mylonitic
gneiss SZ1, b – lam i nated struc ture in lam i nated gneiss P2, c – bro ken K-feld spar augen in flaser gneiss P4, d – phengite mica fish, flaser
gneiss P5, e – sericitized plagioclase augen in gra nitic gneiss P1, f – plagioclase augen and white mica in a pres sure shadow; gra nitic
gneiss WK1
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Ta ble 4

Microprobe anal y ses of white micas

SZ1-10b (MG) SZ2-1b (LG) P4-1b (LG) P3-3b (FG) WK2-7c (FG) SZ3-2c (FG) P1-3d (GG) WK1-2a (GG)

SiO2 48.44 47.27 47.85 51.22 49.43 47.42 48.57 51.09

Al2O3 36.21 32.63 34.14 30.80 31.93 34.19 34.55 34.03

TiO2 0.04 0.96 x 0.93 0.92 0.97 0.99 0.28

MnO 0.01 0.09 0.11 x 0.06 0.05 0.00 x

FeO 2.05 4.73 3.36 2.46 3.74 2.84 2.26 0.87

MgO 0.17 0.62 0.66 1.41 1.04 0.49 0.60 0.84

Na2O 0.16 x 0.28 x x 0.29 x 0.16

K2O 12.69 13.70 13.60 13.18 13.08 13.75 12.77 12.36

CaO 0.23 x x x 0.15 x 0.26 0.37

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Cations basing on 22 O atoms in the formula

Si 6.217 6.213 6.233 6.569 6.409 6.175 6.252 6.491

AlIV 1.783 1.787 1.767 1.431 1.591 1.825 1.748 1.509

AlVI 3.694 3.269 3.472 3.383 3.287 3.422 3.493 3.587

Ti 0.004 0.095 x 0.033 0.089 0.095 0.096 0.026

Mn 0.001 0.010 0.012 x 0.006 0.006 0.000 x

Fe2+ 0.220 0.520 0.366 0.264 0.406 0.309 0.243 0.092

Mg 0.032 0.121 0.127 0.269 0.201 0.096 0.115 0.159

Na 0.039 x 0.072 x x 0.072 x 0.039

K 2.078 2.297 2.259 2.083 2.107 2.284 2.097 2.003

Ca 0.031 x x x 0.140 x 0.035 0.050

#mg 0.077 0.116 0.164 0.364 0.218 0.147 0.210 0.491

MG: mylonitic gneiss, LG – lam i nated gneiss, FG – flaser gneiss, GG – gra nitic gneiss; x – be low limit of de tec tion; #mg=MgO/MgO+FeO

Ta ble 5

Microprobe anal y ses of feld spars in the lam i nated gneiss es

Augens Matrix

P2-1a P2-1b P4-1c P4-3c P2-2b P2-3b P4-3b P4-3d P4-5b

SiO2 63.13 70.34 63.44 63.27 62.96 70.71 70.76 71.08 69.96

Al2O3 17.76 19.81 17.66 17.55 17.45 19.6 19.46 19.11 19.86

K2O 17.77 0.38 18.19 17.69 18.11 0.00 0.11 0.08 0.11

Na2O 0.17 9.40 0.35 0.48 0.26 9.49 9.40 9.52 9.34

CaO 0.41 0.08 0.37 0.44 0.32 0.20 0.19 0.21 0.52

BaO 0.77 x x 0.57 0.90 x 0.08 0.01 0.20

Total 100.01 100.01 100.01 100.00 100.00 100.00 100.00 100.01 99.99

Cations basing on 32 O atoms in the formula

Si 11.891 12.158 11.911 11.909 11.903 12.198 12.217 12.265 12.114

Al 3.942 4.035 3.909 3.893 3.888 3.986 3.960 3.887 4.054

K 4.270 0.084 4.356 4.247 4.368 0.000 0.024 0.018 0.025

Na 0.063 3.149 0.127 0.174 0.094 3.173 3.145 3.185 3.136

Ca 0.082 0.014 0.073 0.090 0.065 0.038 0.036 0.038 0.097

Ba 0.057 x x 0.042 0.066 x 0.005 0.000 0.013

Ab 1 97 3 4 2 99 98 98 96

An 2 0 2 2 1 1 1 1 3

Or 97 3 95 94 96 0 1 1 1

x – be low limit of de tec tion



Di rec tional pla nar struc ture of the flaser gneiss es is not
as ob vi ous as in the lam i nated ones. The bor ders be tween
quartz and quartz-feld spar lay ers are not sharp. The most
char ac ter is tic fea ture of these gneiss es is the pres ence of
thin, up to 1–2 mm thick, di rec tional ag gre gates of dark
mica or their al ter ations products (chlorites).

In mac ro scopic ob ser va tion some ex otic peb bles (SZ2)
have very well vis i ble mica fish com posed of bi o tite, 10 mm 
long and 2 mm wide. Ir reg u lar weath er ing rusty zones are
ob served on the sur face of most of the exotic pebbles.

Mi cro scopic ob ser va tions show that in all of the flaser
gneiss es the augens are com posed of al kali feld spars
(Or94-98Ab,An2-6; Ta ble 7). Microcline “tar tan” is com mon
(as in WK5) and well de vel oped. In fil trat ing perth ites
caused by albitization (Ab98An2) and en claves of serictized
plagioclase are pres ent in the al kali feld spar. In sam ple SZ3, 
plagioclases 2–3 mm in di am e ter, con tain ing in clu sions of
white mica, ori ented par al lel with the in ter nal frac ture and
oc cur ring mainly in cen tral parts of the blasts, are present
also in matrix.

The ma trix of the rocks stud ied is com posed of quartz
and plagioclases (from an de sine to al bite, Ab65-98An2-35;
Ta ble 7) which are of ten sericitized. Blasts of quartz, 0.5–
1mm in di am e ter, show un du la tory ex tinc tion and are of ten
elon gated ac cord ing to the weak foliation.

As stated above, a char ac ter is tic fea ture of all the flaser
gneiss es is the pres ence of phyllosilicates. The size of these
ag gre gates is vari able, in most cases less than 0.5 mm,
some times up to 2 mm, and they of ten form char ac ter is tic
‘mica fish’ struc tures (Fig. 4d). These min er als are rep re -
sented mostly by phengites (#mg:0.15–0.36; Ta ble 4).
Some ex otic peb bles con tain more bi o tite (sam ple no. SZ3;
#mg: 0.14–0.15; Ta ble 6) and the prod ucts of its alterations.

Gra nitic gneiss es
This group is poorly rep re sented in the col lected peb ble

ma te rial (sam ples WK1 and P1). Gra nitic gneiss es show
mac ro scop i cally very poorly vis i ble fo li a tion, ex pressed
mainly by the oc cur rence of elon gated quartz do mains.
White-yel low ish, ir reg u lar feld spar zones are pres ent be -
tween quartz zones. Be sides, feld spar relic augens, up to
7–8 mm in di am e ter, are pres ent. Be cause of ad vanced pro -
cesses of shear ing the bro ken augens crys tals and curved
twin lamellae (Fig. 4e) can be ob served. Very weak fo li a -
tion is ex pressed by elon ga tion of quartz crys tals and the oc -
cur rence of mica aggregates around porphyroclasts.

The augens are com posed of large, elon gated al kali
feld spars (P1, Or95-98Ab,An2-5 or Ab90-99,An1-10), and of
plagioclases (WK1, Ab49-78An51-22, Ta ble 8). The lon gest
axes of blasts are up to 15 mm in size. Re peated al bite
lamellar twins are ob served. In some plagioclases, al tered
ar eas are ob served (microprobe chem i cal ana lyse re veals
albitization pro cesses). All the augens con tain in clu sions of
quartz, white mica (mus co vite) and chlorite (Fig. 4e).
Albitization is more ad vanced in the ar eas en riched in in clu -
sions of white mica. White phengitic micas con tain ing rel a -
tively small amount of Fe and Mg are pres ent in pres sure
shad ows of augens (Fig. 4f) The ma trix of these rocks is
com posed of coarse-blasted quartz, show ing un du la tory ex -
tinc tion, strongly gran u lated quartz, and strongly sericitized
plagioclases (chem i cal com po si tion sim i lar to those in
augens, oligoclase, an de sine and al bite). Phyllosilicates are
rep re sented by white mica (Ta ble 4), con tain ing 2–2.9%
(FeO+MgO), #mg: 0.20–0.49, some times form ing nest-
shape ag gre gates, as well as by small amounts of biotite and
chlorite.

DIS CUS SION

SHAPE AND PRES ER VA TION OF PEB BLES

As shown in the Zingg di a gram (Fig. 2), the col lected
peb bles rep re sent all the four classes of shape. This sug gests 
that the trans port of exotics peb bles was not too long. A
long trans por ta tion would make one class of shape dom i nat -
ing. It can be as sumed that dur ing long trans port the clasts
of gneiss es should ac quire mainly discoidal and el lip soi dal
shapes, whilst gra nitic gneiss es peb bles should be more
spher i cal. We have not observed such differences.

HY PO THET I CAL PROTHOLITH ROCK TYPES

Among the ana lysed peb bles there are no undeformed
rocks, which could be in ter preted as frag ments of pri mor -
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Ta ble 6

Microprobe anal y ses of biotites

SZ2-4a (LG) SZ2-4c (LG) SZ3-2b (FG) SZ3-7b (FG)

SiO2 33.65 35.1 33.52 33.55

Al2O3 16.56 15.92 17.21 16.85

TiO2 3.64 3.60 3.04 4.12

MnO 0.57 0.69 0.41 0.60

FeO 30.34 29.54 30.38 29.27

MgO 5.55 5.43 5.43 5.04

Na2O x x 0.76 x

K2O 9.46 9.50 9.24 10.49

CaO 0.23 0.21 x 0.08

Total 100.00 99.99 99.99 100.01

Cations basing on 22 O atoms in the formula

Si 5.196 5.383 5.174 5.184

AlIV 2.804 2.617 2.826 2.816

AlVI 0.21 0.262 0.302 0.252

Ti 0.423 0.415 0.352 0.479

Mn 0.074 0.089 0.054 0.079

Fe2+ 3.918 3.789 3.922 3.784

Mg 1.278 1.242 1.25 1.160

Na x x 0.228 x

K 1.864 1.859 1.820 2.069

Ca 0.038 0.035 x 0.014

OH 4 4 4 4

#mg 0.155 0.155 0.152 0.147

LG – lam i nated gneiss, FG – flaser gneiss, x – be low limit of de tec tion;
#mg=MgO/MgO+FeO



dial crys tal line mas sif. How ever, the au thors tried to in ter -
pret the pet ro log i cal na ture of this mas sif, bas ing on min eral 
com po si tion of pebbles.

In or der to de ter mine the petrographic char ac ter of the
protolith, the re sults of line scan ning (Ta ble 2) were pro -
jected on the IUGS clas si fi ca tion di a gram for plutonic rocks 
(Smulikowski, 1975; Fig. 5 ). It was as sumed that the min -
eral com po si tion of rocks has not been sig nif i cantly
changed dur ing meta mor phism. The po si tion of the pro jec -
tion points shows granodiorite and gran ite com po si tion as
pos si ble protolith. Bas ing on geo chem i cal anal y ses of
orthogneissic peb bles from this area, the protolith was clas -
si fied as S-type granite (B¹k & Wolska 2005).

PROG RESS OF DE FOR MA TION PRO CESSES

The gneissic peb bles stud ied can be sub di vided into
four types, ac cord ing to the stage of their de for ma tion:

Weakly de formed gra nitic gneiss es. In this type of peb -
bles (sam ples WK1, P1) the most im por tant pro cess was de -
for ma tion of min er als, while recrystallization was only of
sec ond ary im por tance. The ob served micro struc tures are
char ac ter ized by frac tur ing of feld spar augens (Fig. 4e) and
un du la tory ex tinc tion of quartz. Fo li a tion is poorly vis i ble,
be ing mainly ex pressed as elon ga tion of feld spar augens.

Ini tial recrystallization – lam i nated gneiss es. This pro -
cess is best vis i ble in lam i nated gneissic peb bles (sam ples
WK6, WK7, WK8, P2, P4, Fig. 4b). In these rocks quartz
and quartz-feld spar lay ers are well de vel oped (Fig. 4b),
while mica ag gre gates are in the ini tial form. Fo li a tion is ex -

pressed by quartz-feld spar, and quartz-feld spar-phyllosili-
cate lay ers, char ac ter ized by sec ond ary amount of micas.
The pres ence of augens in lam i nated gneiss es is com mon.

Ad vanced recrystallization – flaser gneiss es. The pro -
cess of ad vanced recrystallization is ob served mainly in
sam ples WK2, WK5, P5, P3 and SZ3. In this type of peb -
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Ta ble 7

Microprobe anal y ses of feld spars in the flaser gneiss es

Augens Mtrix

WK2-3b SZ3-1a SZ3-2a WK2-1b WK2-1c WK2-2c SZ3-2d SZ3-3b

SiO2 70.55 62.76 62.84 69.84 63.25 63.63 64.55 62.49

Al2O3 19.63 17.70 17.61 20.43 23.30 23.20 22.68 23.50

K2O 0.11 16.89 17.72 0.91 0.16 0.47 0.11 0.39

Na2O 9.34 0.77 0.66 8.53 6.85 7.05 7.26 6.75

CaO 0.27 0.31 0.29 0.25 6.40 5.65 5.40 6.84

BaO 0.11 1.57 0.89 0.03 0.04 0.00 0.00 0.03

Total 100.01 100.00 100.01 99.99 100.00 100.00 100.00 100.00

Cations basing on 32 O atoms in the formula

Si 12.186 11.864 11.870 12.084 11.163 11.221 11.343 11.069

Al 3.996 3.943 3.920 4.167 4.846 4.822 4.698 4.905

K 0.024 4.073 4.270 0.202 0.037 0.105 0.024 0.089

Na 3.128 0.282 0.241 2.863 2.346 2.412 2.474 2.318

Ca 0.05 0.063 0.058 0.046 1.210 1.067 1.018 1.298

Ba 0.007 0.116 0.066 0.002 0.002 0.000 0.000 0.002

Ab 98 6 5 92 65 67 70 63

An 2 1 1 2 34 30 29 35

Or 1 93 94 6 1 3 1 2

x – be low limit of de tec tion

Fig. 5. Po si tion of the gneissic peb bles stud ied on the IUGS
clas si fi ca tion di a gram for plutonic rocks: 3 – gran ite, 4 – grano-
diorite



bles, the ag gre gates of phyllosilicates (mainly white mica,
sec ond ary bi o tite and hydrobiotite or chlorite) oc cur. Mica
fish struc tures are com mon (Fig. 4d). Poorly ex pressed sep -
a ra tion of quartz and quartz-feld spar lay ers can be ex -
plained as an ef fect of oblit er at ing pri mary struc ture by the
for ma tion of neomorphic quartz and micas formed at the ex -
pense of feld spars. Myrmekite is an other struc ture which
shows ad vanced recrystallization

Mylonitization – mylonitic gneiss es. In sam ple SZ1 the
ev i dence of more ad vanced de for ma tion pro cesses can be
ob served. The struc ture of this rock is sim i lar to banded
quartz-feld spar mylonites de scribed by Shullman et al.
(1995), where quartz, feld spars, and micas form ing sep a rate 
lay ers are com pletely sep a rated.

In the case of this rock type, al ter nat ing quartz and feld -
spar laminae are vis i ble, while small amounts of white mica
are cha ot i cally dis trib uted (Fig. 4a). How ever, well de vel -
oped lam i na tion and the lack of augens al low to rec og nize
in this rock the ef fects of mylonitization, and to call this
peb ble as mylonitic gneiss.

DE FOR MA TION CON DI TIONS

Gen er ally, there are three main microstructural com po -
nents pres ent in the stud ied gneissic peb bles: (1) feld spar
augens, (2) ma trix and (3) mica fishes or bands. The
co-occurrence of these three do mains is char ac ter is tic for
rocks meta mor phosed in the greenschist fa cies,what de -
scribed by Menegon et al. (2008)

The ma jor ity of augens is com posed of microclinic
K-feld spar of ten with al bite perth ites and can be in ter preted
as relic crys tals of gra nitic protholith. The oc cur rence of
plagioclase augens in gran ite gneiss es in di cates weaker de -
for ma tion and metasomatism in this type of peb bles (Lee &
Kim, 2005).

Augens are sur rounded by fine-grained ma trix – ag gre -
gate of quartz and feld spar (mainly plagioclase).This ma trix 
mainly con sists of quartz rib bons, elon gated and par al lel to
the fo li a tion. Quartz of ten shows un du la tory ex tinc tion.
This elon ga tion can be in ter preted as c-axis crys tal lo graphic 
pre ferred ori en ta tions (CPO, af ter Menegon et al., 2008).
Such a crys tal lo graphic fab ric can be de vel oped dur ing ro ta -
tion and slip of grains or in recrystallization pro cess (Law,
1990). Rib bons of elon gated quartz ob served in the
Wo³osate gneissic peb bles (Fig. 4a) can be de vel oped dur -
ing grain bound ary mi gra tion – GBM recrystallization, ac -
cord ing to Wil liams et al. (2000). Fine-grained quartz-feld -
spar ag gre gate is an ef fect of SR pro cess (subgrain ro ta tion,
Wil liams et al. 2000).

In the lam i nated and flaser gneiss es, phengite forms
bands par al lel to the fo li a tion or len tic u lar fish with points
in clined in the di rec tion of fo li a tion (Fig. 4d). It cor re sponds 
to the group 2 in the clas si fi ca tion pro posed by Grotenhuis
et al. (2003).

The ob served struc tural fea tures de scribed above show
that the de for ma tions were de vel oped in the shear zone; the
oc cur rence of mica fish is an im por tant in di ca tor of shear
pro cesses (Grotenhuis et al., 2003). The si mul ta neous oc -
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Ta ble 8

Microprobe anal y ses of feld spars in the gra nitic gneiss es

WK1-1b WK1-2b WK1-4a P1-3b P1-4c WK1-5c WK1-7b 3a 10a

SiO2 63.22 66.24 62.86 63.85 70.90 62.91 62.06 63.42 61.73

Al2O3 23.24 22.59 23.39 17.52 19.34 25.59 23.29 25.98 17.15

K2O 0.18 1.80 0.31 18.03 0.09 4.37 0.40 5.14 20.43

Na2O 7.03 7.46 6.78 0.25 9.44 5.73 6.80 5.21 0.42

CaO 6.25 1.57 6.54 0.35 0.23 0.97 7.45 0.25 0.14

BaO x x x x x x 0.00 x 0.14

Fe2O3 0.07 0.34 0.12 x x 0.43 x x x

Total 99.99 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.01

Cations basing on 32 O atoms in the formula

Si 11.162 11.592 11.114 11.963 12.235 11.127 11.026 11.189 11.799

Al 4.836 4.659 4.874 3.870 3.932 5.334 4.876 5.402 3.863

K 0.040 0.402 0.069 4.309 0.02 0.986 0.091 1.158 4.981

Na 2.407 2.53 2.326 0.091 3.158 1.966 2.341 1.782 0.157

Ca 1.183 0.295 1.239 0.07 0.043 0.183 1.418 0.048 0.030

Ba x x x x x x 0 x x

Fe3+ 0.010 0.045 0.016 x x 0.057 x x 0.010

Ab 66 79 49 2 98 93 61 60 3

An 33 9 49 1 1 6 37 1 1

Or 1 12 2 97 1 1 2 39 96

x – be low limit of de tec tion



cur rence of SR and GBM recrystallization prod ucts in di -
cates their de vel op ment in fault zones at tem per a ture 500°C
(Stipp et al., 2002). The frac tur ing of feld spar augens and
plas tic de for ma tions of quartz also in di cate the tem per a ture
range 500–550°C (Passchier & Trouw, 1996). More over,
the ad vance ment of fo li a tion struc tures can be con nected
with the dis tance to a fault gauge, as shown by Lee and Kim
(2005). Ac cord ing to their con clu sions, the gran ite gneiss es
stud ied were de vel oped in a most dis tant zone from the fault 
and were fol lowed by laminated gneisses, flaser gneisses
and mylonitic gneisses.

WHITE MICA AS IN DI CA TOR
OF META MOR PHIC CON DI TIONS

The amount of SiIV in white mica is con trolled by tem -
per a ture and pres sure (Velde, 1967). The fol low ing fac tors
play key role in the mica fishes de vel op ment:(1) pres sure
so lu tion, (2) diffusional mass trans fer, (3) lo cal growth of
mica blasts, (4) de for ma tion, (5) dy namic recrystallization,
and (6) cataclastic be hav iour (Grotenhuis et al., 2003). This
al lows to in ter pret white micas in the stud ied gneissic peb -
bles as recrystallized dur ing meta mor phism. The ma jor ity
of white micas in the stud ied lam i nated and flaser gneissic
peb bles are phengites. There fore, they were used for de ter -
min ing the pres sure con di tions by phengitic geobarometer
pro posed by Massone and Schreyer (1987). The lack of
phlogopite in the min eral as sem blage of the stud ied rocks
al lows to de ter mine only the low est pres sure limit. On the
ba sis of the de scribed above struc tural ob ser va tions in the
rocks stud ied, the tem per a ture range of 500–550°C was as -
sumed, and the pres sure higher than 5 kbar was postulated
(Fig. 6).

THE ROLE OF STRAIN PAR TI TION ING

The ob served suite of rock types in Wo³osate and their
struc tures can be in ter preted as de vel oped dur ing strain par -
ti tion ing, by anal ogy to the struc tures of gneiss es from the
Œnie¿nik Mas sif de scribed by Cymerman (1997).

The mech a nism of strain par ti tion ing is es pe cially im -
por tant dur ing de for ma tion in subduction zones (Mar ti nez
et al., 2002). This kind of de for ma tion was de scribed in
many places on the west ern mar gin of the Carpathians by
Nemèok et al. (1998).

POS SI BLE SOURCES OF GNEISSIC EX OTIC
PEB BLES IN THE CISNA SAND STONE

The stud ied gneissic peb bles from Wo³osate can be de -
scribed in gen eral as weakly to me dium de formed rocks,
com posed of quartz and plagioclase ma trix, augens (mainly
K-feld spar,) and white mica (mainly phengite). In the outer
Carpathians sim i lar rocks can be ob served in many places,
such as:

West ern Carpathians. The Muráò Gneiss es are leuco-
cratic rocks which con tain K-feld spar crys tals, formed at the 
pres sure 7–8 kbar (Kovaèik, 2002). This value was de ter -
mined ac cord ing to the phengite geobarometer and fits to
the limit de ter mined for the gneiss es from Wo³osate. The

pres ence of mica schists and am phi bo lites which oc cur in
the Muráò Gneiss es in di cate higher pres sure con di tions. In
Veporicum sim i lar gneiss es were de scribed in the meta mor -
phic com plexes: Lovinobana, Sinec and Predna hol’a (Fa-
ryad, 1999). Fur ther to the east, in Gemericum, the Klatov
gneiss–am phi bo lite com plex oc curs, meta mor phosed at
6–10 kbar and 650–700°C.

East ern Carpathians. Five meta mor phic suc ces sions
were dis tin guished in the Ro ma nian East ern Carpathians:
Rodna, Bretila, Tulgheº, Negriºoara, and Rebra. Bretila unit 
con tains microcline augen gneiss es (Pana et al., 2002), sim -
i lar to the gneissic peb bles from Wo³osate. Ac cord ing to
Pana et al. (2002), this unit rep re sents a se quence meta mor -
phosed within accretionary wedge while the least de formed
rocks of this se quence are rem nants of a subduction arc.

CON CLU SIONS

1. Meta mor phic rock peb bles from the Cisna beds
(Wo³osate area, Bieszczady Mts.) be long petro graphi cally
to four groups: gra nitic gneiss es, lam i nated gneiss es, flaser
gneiss es and mylonitic gneisses.

2. The protholith of the stud ied rocks were S-type
granitoids de formed dur ing Variscan oro gen esis.

3. Primary granitoids were meta mor phosed at the tem -
per a ture of 500oC and pres sure above 5 kbar. Their meta -
mor phism was lim ited to the greenschist facies.

4. The or i gin of the ob served var i ous struc tures of the
gneissic peb bles stud ied can be ex plained as fol lows:

– deformation of granitoids in a fault zone, at var i ous
dis tances from the fault gauge;

– strain par ti tion ing in tec tonic con ver gence zone.
5. The na ture and lo cal iza tion of the source area can be

sim i lar to the Bretila se quence from the Ro ma nian East ern
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Fig. 6. P-T con di tions of meta mor phism of se lected sam ples on 
the phengite ba rom e ter di a gram af ter Massone and Shreyer
(1987); sim pli fied and mod i fied. a – flaser gneiss P3, b – lam i -
nated gneiss SZ2



Carpathians. Sed i men tary struc tures ob served in the Cisna
beds in di cate that the clastic ma te rial was trans ported to the
Dukla ba sin from the SE (B¹k & Wolska, 2005).
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