
Geologia Sudetica, 2014, 42: 125–136.

The CETeG 2014 ex cur sion to crys tal line base ment
of the Orlica–Œnie¿nik Dome, the Sudetes

Stop 1.1

Metabasalts of the west ern part of the OSD

Lead ers: Jacek Szczepañski (UWr) & S³awomir Ilnicki
(UW)
Topic: Geo chem i cal re cord in the metabasalts of the Bys-
trzyckie Mts. and its geodynamic sig nif i cance
Lo ca tion: N50°11'43", E16°37'18"; road from Domaszków 
to Zieleniec, in the vi cin ity of the Szczerba cas tle ru ins

The mafic meta vol can ics in the vi cin ity of Gniewoszów 
oc cur as rel a tively large, up to 50–70 m thick, bod ies hosted 
by supracrustal rocks of the Stronie–M³ynowiec Group.
Near Szczerba cas tle (south of Gniewoszów), metabasites
are found in small iso lated out crops form ing a roughly com -
plete, ca. 70–100 m thick, sec tion. Its up per most por tion re -
veals rel ics of pil low lava (Fig. 1), which can be vis i ble in
mu tu ally per pen dic u lar sec tions. Par tic u lar pil lows are com -
posed of fine-grained metabasalt and show var i ous de grees
of flat ten ing re sult ing from strain ac com mo dated dur ing de -
for ma tion. The pil lows reach from sev eral tens of cen ti me -
ters up to 2–3 m in di am e ter (Szczepañski, 2010; Ilnicki et
al., 2013; Fig. 1A–C).

The metabasites are fine grained some times porphyro-
blastic rocks with mod er ately to well-de vel oped fo li a tion
dip ping to SW un der mod er ate an gles and min eral lineation
gently dip ping S. They are com posed mainly of zoned Ca-
am phi bole rang ing from actinolite in the cores to tscher-
makite or even par ga site at the rims, and plagioclase of oli-
goclase-to-an de sine (An23-33) com po si tion at the rims, with
albitic cores. Plagioclase porphyroblasts of ten con tain in -
clu sions of actinolite and il men ite, some times form ing
sigmoidal or straight trails. Chlorite, epidote and il men ite
are sub or di nate phases, with quartz, bi o tite, ap a tite, ti tan ite,
rutile, zir con and po tas sium feld spar as ac ces so ries. The
rocks doc u ment a west ward tran si tion from greenschist to
am phi bo lite-epidote or am phi bo lite fa cies con di tions, with
ret ro grade meta mor phism un der greenschist fa cies con di -
tions. The peak meta mor phic con di tions at Szczerba cas tle
cor re spond to the gar net zone and yielded 560–570°C at 6.4
kbar. This stage was pre ceded by the M1 event at 450–
500°C and 1.8–4.2 kbar and fol lowed by ret ro gres sion un -
der greenschist fa cies con di tions.

The metabasites are gen er ally clas si fied as bas alts and
on sev eral clas si fi ca tion di a grams show mostly tholeiitic af -
fin ity. These rocks have rel a tively high Zr/Nb (21–27) and
La/Nb (1.25–2.51) and rel a tively low Ti/V (32–45), Zr/Y

(2.9–3.9) and Nb/Yb (1.2–1.9) val ues (Fig. 2). More over,
chondrite-nor mal ized and the prim i tive man tle-nor mal ized
pat terns are gen er ally nearly flat, only gently slop ing with

Fig. 1. Field pho to graphs of the metabasalts with pre served var i -
ously de formed pil lows.



slight LREE-en rich ment ([La/Yb]CN = 1.3–1.9) and no tice -
able neg a tive anom a lies for P and Ti. A weak frac tion ation
of MREE from HREE ([Tb/Yb]CN = 1.2–1.4) sug gest the
pres ence of re sid ual spinel in the man tle source. The sam-
ples dis play de ple tion of the most in com pat i ble el e ments
(Th-Nb) rel a tive to La and have Th/Nb ra tios of 0.08–0.14,
whilst their LREE pro file re mains flat (at ~7–10 × PM).
N-MORB-nor mal ized pro files also show dis tinct neg a tive
Nb anom a lies rel a tive to Th and La. Some of the an a lyzed
sam ples show more LREE-en riched com po si tions ([La/Yb]CN

= 1.8–2.9) cou pled with a dis tinct though vari able Nb de ple -
tion and Th en rich ment, and a slight Zr de ple tion on PM-nor -
mal ized plots. This fea ture is re flected in their high Th/Nb ra -
tio (0.15–0.39). How ever, their MREE- HREE pro files are
the same as for the rest of the sam ples.

The chem i cal fea tures of metabasalts from Gniewoszów
vi cin ity are sim i lar to mildly-en riched N-MORB (Fig. 2). Con -
trary to typ i cal N-MORBs, these metabasites are also char ac -
ter ized by Nb (± Ti) de ple tion. How ever, in de pend ently of
the Nb neg a tive anom aly, the ini tial Nd iso tope sig na tures
(eNd530) are pos i tive (+0.2 to +6.7) and im ply the man tle
source mark edly de pleted in Nd rel a tive to Sm on a time-in -
te grated ba sis.

The ef fects of magma-crust in ter ac tion are de tect able,
though vari able, in the Bystrzyckie metabasalts. Some sam -
ples dis play neg a tive Nb, Ti and P anom a lies with vari able
Th, LREE en rich ment on prim i tive man tle nor mal ized
plots. De spite some fea tures con sis tent with crustal con tam -
i na tion (e.g., the el e vated Th/Yb val ues and po si tion of the
stud ied rocks above the man tle ar ray in Fig. 3b, the val ues
of La/Nb > 1.5, a neg a tive cor re la tion be tween eNd530 and
La/Nb or Th/Nb), mod el ling of the AFC pro cesses re vealed
that crustal con tam i na tion alone can not ad e quately ac count
for the geo chem i cal char ac ter of the the Bystrzyckie meta-
bas alts. In stead, it is pos tu lated that these rocks may bear a
re cord of pro cesses op er at ing in the ac tive subduction zone.
Con tri bu tion of slab-de rived com po nents is in di cated by
neg a tive Zr anom a lies, Zr/Nb, Nb/Th and La/Nb ra tios ap -
proach ing val ues typ i cal of arc mag mas, or by [Hf/Sm] PM
vs. [Ta/La]PM sys tem at ics con sis tent with subduction- de -
rived metasomatism (Ilnicki et al., 2013). Like wise, Th/Yb
ra tios are high and trend very steeply on the Th/Yb vs
Nb/Yb di a gram (Fig. 2b). Ac cord ing to (Pearce, 2008),
such a trend is sup posed to re flect the in flu ence of subduc-
ted sed i ment on magma com po si tions, es pe cially those de -
rived from de pleted man tle sources.

On sev eral dis crim i na tion di a grams the rocks show af -
fin i ties to ei ther E-MORB–to–N-MORB or back arc ba sin
bas alts (BABB). Highly vari able de gree of both subduction-
re lated in put and man tle source en rich ment (shortly prior to
melt gen er a tion) ob served in the Bystrzyckie metabasites is
typ i cal of su pra-subduction extensional re gime. Thus the By- 
strzyckie mafic meta vol can ics are cur rently in ter preted as a
MOR-type bas alts that orig i nated in a back-arc set ting re lated 
to an un spec i fied subduction event. How ever, geo chem i cal
af fin i ties of the these rocks cou pled with age and geo chem i -
cal con straints from the con tem po ra ne ous Stronie–M³yno-
wiec Group (Stop 1.3) seem ingly re late the stud ied mag matic 
ep i sode to the model of Linnemann et al. (2008) of the
subduction zone ex tinc tion at the turn of the Cadomian orog -
eny and in cip i ent Early Palaeozoic rift ing of Gond wana.

Stop 1.2

Metarhyolites of the Stronie For ma tion in the west ern
limb of the Orlica–Œnie¿nik Dome

Lead ers: Andrzej ¯elaŸniewicz (ING PAN) & Men tor
Murtezi (ING PAN)
Topic: The ~500 Ma metarhyolites, bi modal vol ca nism and 
mul ti ple de for ma tion of metavolcanogenic rocks.
Lo ca tion: N50°11'39", E16°37'15"; road from Domaszków 
to Zieleniec, in the vi cin ity of the Szczerba cas tle ru ins.
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Fig. 2.  a. The V-Ti di a gram of Shervais (1982). BAB – back-arc
ba sin bas alts, CFB – con ti nen tal flood bas alts, IAT – is land arc
tholeiites, N-MORB – nor mal MORB, OIB – ocean is land bas alts.
b. Th/Yb ver sus Nb/Yb di a gram (Pearce & Peate, 1995) for the
Bystrzyckie metabasites. Heavy di ag o nal lines of con stant Th/Nb
show the ar ray of bas alts from non-subduction set tings de rived
from ei ther en riched (i.e. OIB) or de pleted man tle (i.e. MORB)
sources. The OIB, PM, E-MORB and N-MORB val ues from Sun
and McDonough (1989), DMM val ues from Work man and Hart
(2005).



Fel sic metavolcanogenic rocks in the Gniewoszów area
form elon gated dis con tin u ous bod ies or lenses, up to some
hun dreds metres long and sev eral tens of metres thick,
within mica schists of the Stronie For ma tion. These are
acid, me dium-grained rocks mainly com posed of quartz,
K-feld spar, chlorite, mus co vite and opaque min er als. The
phyllosilicate con tent can vary in these rocks, so that they
form ei ther mas sive- or mica-bear ing schis tose rocks in ter -
preted as lavas and tuffites, re spec tively.

On the Nb/Y vs Zr/TiO2 di a gram, the rocks from Gnie-
woszów fall be tween the rhy o lite and rhyodacite/dacite
fields (Murtezi, 2006). Geo chem i cal study on these rocks
pre sented by this au thor show that the mas sive acid meta -
vol can ic rocks from this lo cal ity re veal a strong neg a tive Eu 
anom aly, whereas mica-bear ing sam ples are char ac ter ized
by lower Eu anom aly (Fig. 1A). A pos i tive Ce anom aly may 
in di cate some ad mix ture of shal low wa ter ma rine sed i ments 
in the protolith. The high con cen tra tion of strongly in com -
pat i ble el e ments such as REE and en rich ment in large-ion-
litophile el e ments sug gest af fin i ties to con ti nen tal crust. On
the other hand, the di a grams dis crim i nat ing tec tonic en vi -
ron ment point to vol ca nic arc set ting (Fig. 1B) and the high
Th/Ta ra tios, neg a tive Nb and Ta anom a lies, and low Ti, Zr
and Hf also sug gest a suprasubduction set ting. Such am big -
u ous char ac ter is tics may in di cate an ensialic rift or a back-
arc extensional en vi ron ment (Murtezi, 2006). The Gniewo-
szów metarhyolites are equiv a lent to S- and I-type gran ites
and do not show af fin ity to A-type gran ites (Fig. 1C).

The U-Pb SHRIMP zir con study re vealed that the mas -
sive va ri ety is reach in clear, colour less, and large (up to 300 
µm long), euhedral zir con crys tals. The zir cons com monly
have clear os cil la tory zon ing. The con cordia age of 500.7 ±
2.7 Ma was es tab lished for 16 anal y ses of these zir cons
(Murtezi, 2005). These zir cons crys tal lized from rhyolitic
melt just be fore or at the time of vol ca nic erup tions. Thus,
this age is in ter preted as re flect ing the tim ing of de po si tion
of the ad ja cent metasedimentary Stronie For ma tion rocks.
An other, much less pop u lous, group of zir cons pro vided the 
discordia line in ter cept ing with the con cordia curve at
points con strain ing the pres ent time and the age of 581 ± 49
Ma. Some of the crys tals have rims U-rich darker in CL. An
U-Pb age of ~328Ma was ob tained for one an a lyt i cal point.
Two in her ited Archaean ages (2.8 and 3.0 Ga) were ob -
tained. Sev eral smaller, yel low ish crys tals with ovoidal
shape can be in ter preted as a sub or di nate de tri tal com po nent 
(Murtezi, 2005).

The con ven tional thermobarometry ap plied to gar -
net-bear ing mica schists that sur round the vis ited out crop
in di cate that these rocks ex pe ri enced the tem per a ture peak
meta mor phism at 500–550°C and 6–7 kbar (Murtezi, 2006;
Jastrzêbski, 2009), which al most per fectly fits the data ob -
tained for the metabasites (Szczepañski & Ilnicki, Stop 1.1).

In Stop 1.2, fel sic metavolcanogenic rocks are ex posed
at the road-cut and in crags on the for ested hill slope. The
metabasites that oc cur at the foot hill of the Szczerbiec cas tle
can be also ob served on the north ern side of the road. There
are mas sive rocks, for mer lava flow, set in more schis tose
ones that pass into fel sic tuffitic rocks, which pro vides ev i -
dence of bi modal magmatism. In the tran si tional zone, meta-
tuffitic schists de vel oped lighter and darker lay er ing (Fig. 2A).

A gross con tact be tween the two lithologies is gen er ally 
subvertical and in volved in large-scale folds with the axes
strik ing in the WNW di rec tion and the ax ial plane fo li a tion
dip ping at a low to me dium an gle to the SW (Fig. 3A).
Mesoscopic folds (Fig. 2A) in fel sic and tran si tional rocks
con form the elon ga tion of the pil lows in the metabasites.
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Fig. 1. Geo chem is try of metarhyolites in Gniewoszów. A – the
chondrite-nor mal ised (val ues af ter An ders & Grevesse, 1989) REE 
vari a tion pat terns of the mas sive leptites; B – the Rb – (Y+Nb) tec -
tonic en vi ron ment dis crim i na tion di a grams (af ter Pearce et al.,
1984). VAG – vol ca nic-arc gran ites; syn-COLG – syn-collisional
gran ites; WPG – within-plate gran ites; ORG – ocean-ridge gran -
ites; C – the Ga/Al-Zr dis crim i na tion of A-type ver sus other gran ite 
types (af ter Whalen et al., 1987).



The small-scale folds and the S1/S2 in ter sec tion lineation
(Fig. 2B) in the schis tose fel sic rocks are con sid er ably scat -
tered in the fo li a tion plane (Fig. 3A) and over printed by
stretch ing lineation L3 plung ing to the south. The lineation
tes ti fies the N–S ori ented shear ing that af fected the ear lier
folded pile in par tic u lar along the ear lier fo li a tion S2 which
was in the way re ju ve nated and thus la belled S2–3. A new
struc tural el e ment that de vel oped was the stretch ing linea-
tion with mainly a top-the-S ki ne mat ics, whereas the shear -
ing gave rise to an in ter nal ro ta tion of the L2/F2 lin ear fea -
tures in the fo li a tion S2–3 (Fig. 3A, B). Dur ing two sub se -

quent deformational events the older pla nar and lin ear struc -
tures were re folded by open to tight, SW-vergent folds F4

with NW–SE ori ented axes (Fig. 3B) and fi nally by semi-
brit tle crenulation (chev ron-type) folds F5 that have sub-ve
rtical N–S strik ing crenulation planes (Fig. 2C, 3C).
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Fig. 2. Struc tural fea tures in schis tose fel sic meta vol can ic rocks in 
Gniewoszów. A – WNW-plung ing folds F2 and in ter sec tion linea-
tion L2; B – W-plung ing in ter sec tion lineation L2 (Li, blue ar row)
over printed by S-plung ing stretch ing lineation L3 (Ls, red ar row); C 
– L2 in ter sec tion lineation (Li, blue ar row) re folded by SSE-plung -
ing crenulation folds F5 (Lc, yel low ar row) with NNW-trending
subvertical crenulation planes Scr

Fig. 3. Ori en ta tion of struc tural el e ments (lower hemi sphere). A –
F2 fold axes and L2 (Li) in ter sec tion lineation (crosses) with trace of 
S2 fo li a tion; B – L3 stretch ing/min eral lineation and F4 open fold
axis; C – L5 crenulation lineation and F5 crenulation folds with
trace of the ax ial sur face S5



In the Gniewoszów area, the fel sic and mafic rocks oc -
cur next to each other and show tran si tions, which doc u -
ments bi modal vol ca nism ac com pa ny ing pelitic sed i men ta -
tion of the Stronie For ma tion at ~500 Ma. The metabasites
with a mildly-en riched N-MORB geo chem i cal sig na ture
poured on the ba sin floor as pil low lavas that were cov ered
by acid mostly tuffitic and less fre quent lava ma te rial. Such
Mid dle to Late Cam brian mag matic ac tiv ity likely oc curred
in a back-arc set ting re lated pre sum ably to an un spec i fied
subduction event. Man tle or i gin of the ba sic rocks and con -
ti nen tal af fin ity of the fel sic rocks sug gest a sce nario of
mafic underplating giv ing rise to lo cal ized melt ing of the
con ti nen tal crust. Then the lithologies were taken into
large-scale, W/WNW-trending over turned to re cum bent
fold ing at a depth cor re spond ing to 6–7 kbar at 500–570°C.
The fold ing event was fol lowed un der sim i lar con di tions by
shear ing that re ju ve nated the ax ial plane fo li a tion of the ear -
lier folds. In the Gniewoszów area, the ki ne mat ics of the
shear ing was dom i nantly of a top-to-the-S sense of move -
ment. Large-scale refolding on the NW-trending axes with
the SW vergence pre ceded brit tle-duc tile fold ing with the
E-vergence of the N–S ori ented crenulation folds.

Stop 1.3

Stronie–M³ynowiec Group

Lead ers: Jacek Szczepañski (UWr) & S³awomir Ilnicki
(UW)
Topic: Struc tural and chem i cal re cords in the
metasedimentary rocks of the west ern part of the OSD and
their geodynamic con text
Lo ca tion: N50°17'08", E16°36'07"; road from Ponikwa to
Bystrzyca K³odzka

The metasedimentary se quence in the M³oty Unit is
dom i nated by mo not o nous paragneisses with rare inliers of
metabasalts and micaschists. Paragneisses crop ping out
near Wyszki are grey, mainly me dium grained rocks com -
pris ing plagioclase, white mica, bi o tite, gar net and quartz.
Com mon ac ces so ries are chlorite, ap a tite, zir con, rutile and
opaque min er als.

These rocks bear a re cord of three de for ma tion ep i -
sodes. The old est pre served pla nar struc ture in the M³oty
Unit is rep re sented by S1 fo li a tion. Nor mal to S1 plot on a
great cir cle with an axis of ca. 298/22 (Fig. 1). S1 planes are
de fined by par al lel align ment of laminae vary ing by col our
and thick ness. Dif fer ence in col our re sults from chang ing
pro por tion of quartz as well as micas and feld spars in re -
spec tive laminae. These fea tures in di cate that ob served fo li -
a tion is most prob a bly par al lel to orig i nal sed i men tary bed -
ding S0. How ever, in microscale this fo li a tion is also de fined 
by par al lel align ment of micas and flat tened quartz grains.
More over, in re main ing out crops of the M³oty Unit this fo li -
a tion is mostly pre served as in clu sion trails con served
within plagioclase porphyroblasts or in microlithons be -
tween youn ger S2 fo li a tion planes. This may sug gest that in
the M³oty Unit S0 bed ding is par al lel to S1 fo li a tion. The fo -
li a tion S0+1 is de formed by asym met ric F2 folds with ax ial

planes gently dip ping to SW. Their axes are gently dip ping
to NW or SE (Fig. 1). Par al lel to ax ial planes of these folds
S2 fo li a tion was de vel oped. This youn ger fo li a tion in the
whole area of the M³oty Unit do not show any scat ter and is
lo cated on the great-cir cle of the S1 fo li a tion (Fig. 1) con -
firm ing that S2 planes could orig i nate as an ax ial cleav age of 
F2 folds. Fur ther more, on S2 planes in ter sec tion lineation L2

ori ented par al lel to axes of F2 folds was de vel oped (Fig. 1).
Ef fects of the D3 ep i sode in the M³oty Unit are pre served
only lo cally and not re corded in the Wyszki lo cal ity. Dur ing 
D3 de for ma tion S2 planes were re ac ti vated, lead ing to for -
ma tion of com plex S2+3 fo li a tion, with min eral lineation L3

trending subhorizontally N–S (Fig. 1). The lat ter struc ture is 
de fined by par al lel align ment of micas and quartzo-feld spar
ag gre gates. Sec tions par al lel to L3 linea- tion and per pen dic -
u lar to S2+3 fo li a tion scarcely re veal a set of ki ne matic in di -
ca tors point ing to top-to-N shear ing dur ing D3 ep i sode.

The mo not o nous metagreywacke from the Wyszki yiel- 
ded Pre cam brian age spec tra sim i lar to those that are char -
ac ter is tic of the Cadomian ter ranes (e.g. Linnemann et al.,
2008): (1) Archaean and Palaeoproterozoic zir cons scat -
tered be tween 2167 and 1867 Ma, and (2) abun dant Neo-
pro tero zoic zir cons dated at 803–577 Ma. The es ti mated
max i mum sed i men ta tion age is 569 ± 8 Ma (Mazur et al.,
2013). Im por tantly, lithological sim i lar i ties and de tri tal zir -
con age spec tra sug gest that paragneisses of the M³oty Unit
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Fig. 1. Syn op tic stereogram show ing scat ter of fo li a tion S0+1
along a great cir cle (grey dot ted line) with an axis of ca. 298/22
(white star). Black squares – nor mal to S2 fo li a tion; black cir cles –
L2 lineation and axes of F2 folds; white squares – L3 lineation;
white star – axis of great cir cle gir dle of fo li a tion S0+1. N – num ber
of mea sure ments. Equal-area net, lower hemi sphere.



might be equiv a lents of the mo not o nous M³ynowiec For ma -
tion crop ping out in the east ern part of the OSD. This seems
to be con firmed by the max i mum sed i men ta tion age for the
M³ynowiec metagreywackes which is 564.6 ±4.2 Ma (Ma-
zur et al., 2012). This age over laps within an er ror with
maximum de po si tion age for the Wyszki paragneiss. The
Wyszki/M³ynowiec metagreywackes col lec tively bear a re -
sem blance to sed i ments of the ex ter nal do main of the Saxo-
Thuringian zone (the Rothstein for ma tion).

In geo chem i cal com po si tion the rocks of the M³yno-
wiec For ma tion (in clud ing Wyszki metagreywackies) show
sev eral fea tures typ i cal of sed i ments de pos ited in su pra-
subduction sed i men tary ba sin. Di a grams based on im mo bile 
trace el e ments de vel oped by Bhatia and Crook, (1986) show 
that all the anal y ses rep re sent ing the M³ynowiec For ma tion
fall within the Con ti nen tal Is land Arc or Ac tive Con ti nen tal
Mar gin fields (Fig. 2, Szczepañski & Ilnicki, 2014). As sug -

gested by TiO2 and Ni re la tion ship (Floyd et al., 1989a) de -
tri tus fill ing this ba sin must have been sup plied by ero sion
of evolved fel sic igneous rocks (Szczepañski & Ilnicki,
2014) (Fig. 2).

The geo chem i cal sim i lar ity of the paragneisses of the
M³ynowiec For ma tion to sed i ments from the Saxothurin-
gian Zone (Linnemann & Romer, 2002) sug gests that a
com mon tec tonic set ting may be key to ex plain ing the or i -
gin of the Neoproterozoic to Cam brian vol cano-sed i men -
tary suc ces sions in the OSD and other frag ments of the
Cadomian orogen pre served in the Eu ro pean Variscan Belt.
Fol low ing the model of (Linnemann, 2007), it may be hy -
poth e sized that de po si tion of the mo not o nous M³ynowiec
For ma tion pre ceded events re lated to the Cadomian orog -
eny and oc curred in a back-arc set ting dur ing the time span
pre ced ing 540 Ma (Szczepañski & Ilnicki, 2014).
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Fig. 2. a–c – dis crim i na tion di a grams show ing tec tonic set ting of de po si tion of the protoliths to the OSD meta sedi ments. Di a grams af ter
Bhatia and Crook 1986; d – bi nary plot TiO2 vs. Ni af ter (Floyd et al., 1989). GQ – the Goszów quartzites; MF – the M³ynowiec For ma tion;
SF– the Stronie For ma tion.



Stop 1.4

Al ter na tion of banded and streaky gneiss es (Giera³tów
type) with augen flaser gneiss (Œnie¿nik type) – “tran si -
tional gneiss es” in the Miêdzygórze Antiform

Leader: Aleksandra Redliñska-Marczyñska
Topic: Re la tion ships of dif fer ent types of gneiss es:
migmatization over printed by mylonitization and de for ma -
tion se quence
Lo ca tion: N50°13'49" E16°45'32"; Baszta/Ambona Crag,
ca. 600 m north from the cen tre of Miêdzygórze

A steep craggy cliff ex poses two main types of gneiss es
char ac ter is tic of the Orlica–Œnie¿nik Dome. In the east ern
part of the Miêdzygórze Antiform, where the crag is, the
gneiss es in tri cately al ter nate and thus were once col lec -
tively re ferred to as tran si tional gneiss es (Teisseyre, 1973).
The two types dif fer in petrographic and tex tural char ac ter -
is tics, struc tural re cords, and rhe ol ogy (see ¯elaŸniewicz et
al., 2014, this volume).

The Giera³tów type gneiss es are realtively fine-grained
and com posed of Qtz+Pl+Kfs+Bt+Phg±Aln±Ttn±Grt±Ilm
in vary ing pro por tions, es pe cially in case of banded gneiss -
es which con sist of al ter nat ing, 1–50 cm thick bands of
Bt-rich and Bt-poor do mains. The modal pro por tion of al -
kali feld spar var ies from 16% to 30% and of plagioclase
[An6-38] from 20% to 40%. A char ac ter is tic fea ture of these
rocks is the pres ence of two sets of meta mor phic foliations.
In streaky gneiss es, one is well marked by dis trib uted yet
par al lel ar range ment of mica flakes and ir reg u larly spaced
con tin u ous to dis con tin u ous quartzofeldspathic laminae,
while the other, the ear lier one, is in volved in var i ous,
disharmonic to intrafolial folds (Fig. 1A, 2A). This is the
old est meta mor phic plane S1 (prob a bly mainly mi metic to
S0) folded by F2 folds with roughly subhorizontal N–S axes
and the new ax ial pla nar fo li a tion S2. The most prom i nent
fea ture of the D2 event was a high tem per a ture meta mor -
phism that ter mi nated with migmatisation. As a re sult,
leucosome ag gre gates and segregations de vel oped which
to gether with K-feld spar porphyroblasts may have been
con spic u ously lo cated in the hinge ar eas of F2 folds. The
struc tural con trol ex erted by F2 folds on feld spar blasts and
quartzofeldspathic ag gre gates points to migmatization and
blastesis that con tin ued late- to post-ki ne mat i cally with re -
spect to D2 de for ma tion in the streaky, migmatitic gneiss es.
New ag gre gates and blasts con tin ued to grow in random,
which led to obliteration of earlier fabrics and imparted a
granitic outlook to the rock.

The Œnie¿nik type of gneiss es con sists an as sem blage of 
Qtz+Kfs+Pl+Bt+Phg±Ap±Ttn±Grt, with char ac ter is tic flat
modal dis tri bu tion of al ka lies (26–36% of al kali feld spar,
22–34% of plagioclase [An6-23]). These are coarse- to even-
grained metaigneous rocks that grade from por phy ritic
(meta)gran ite to flaser gneiss es with gen u ine augen fab ric
(K-feld spar porphyroclasts) and one set of mylonitic lay er -
ing/foliation (Fig. 1B).

In the ex po sure, the augen Œnie¿nik gneiss to gether
with its dy nam i cally de formed flaser to lay ered vari ants al -
ter nate with the fine-grained banded and streaky gneiss es

clas si fied as the Giera³tów gneiss es (Redliñska-Marczyñska 
& ¯elaŸniewicz, 2011; Redliñska-Marczyñska, 2014). All
these rocks were later jointly sub jected to shear ing (stretch -
ing lineation – L3) along the N(NW)–S(SE) di rec tion, flat -
ten ing (mylonitic fo li a tion S3), and large scale refolding F4

(Fig. 2B). The shear ing and mylonitization over printed and
partly oblit er ated ear lier fea tures of the streaky or migma-
titic gneiss es, which made them sim i lar to co evally myloni-
tized Œnie¿nik metagranite which lo cally en closed these
gneisses in form of the de formed en claves. De tailed exami-
nation shows the differences.

The se quence of de for ma tion re corded in the gneiss es
from the Ambona Crag in di cates that HT meta mor phism
and migmatization in the Giera³tów gneiss es pre ceded
shear ing and mylonitization. Fur ther deformational stage
(lo cal D3) brought about re ac ti va tion of the S1–S2 sur faces
by shear ing (S1–S2›S3) with a roughly “top-to-the N” (lo -
cally top-to-the S and top-to-the NW) ki ne mat ics (Fig. 2)
and over print of the stretch ing lineation (N–NNW trending
L3). The re ju ve na tion of S2 planes as S3 planes led to de for -
ma tion of ear lier porphyroblasts and changed them into
porphyroclasts (both delta and sigma types).

The next event (D4) re folded ear lier struc tures on the
N–S trending axes which co in cided with the ear lier stretch -
ing lineation L3 and pro duced E-vergent folds F4 (z-type ge -
om e try) with flat-ly ing lon ger limbs, steep to over turned
short limbs and weak to none ax ial plane growth (Fig. 2B).
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Fig. 1. Two types of gneisses in the Miêdzygórze Antiform. A –
streaky migmatitic Giera³tów type gneiss, scale bar is 5 cm long;
B – augen flaser Œnieznik type gneiss.



Where al ter nat ing augen flaser gneiss es and streaky mag -
matic gneiss es are in volved in F4 folds, dif fer ences in rhe ol -
ogy be tween the type of gneiss es may ob served, in par tic u -
lar in the hinge zones.

The shear ing and mylonitization D3 and later E-vergent
open fold ing D4 are over printed in the re gion gneiss es that
had dif fer ent ear lier fab rics: migmatitic in the Giera³tów
gneiss es and gra nitic in the Œnie¿nik gneiss es. This pat tern
is re pro duc ible in all gneiss es oc cur ring in the Miêdzygórze
Antiform. The struc tural re cords as pre sented in this ex po -
sure tes ti fies that migmatization of the Giera³tów gneiss es is 
older than mylonitization com mon through out the Orlica–
Œnie¿nik Dome and that the migmatitic Giera³tów gneiss es
can not be youn ger than shear ing and trans for ma tion of the
Œnie¿nik gran ite into the Œnie¿nik augen gneisses.

Stop 1.5

Light “Goszów” quartzites from the east ern limb of the 
Orlica–Œnie¿nik Dome (Stara Morawa vil lage)

Lead ers: Miros³aw Jastrzêbski (ING PAN), Wojciech
Stawikowski (UAM Poznañ) & Bartosz Budzyñ (ING
PAN)
Topic: Tectonometamorphic re cord of the low est part the
Stronie For ma tion
Lo ca tion: N 50°15’54’’ E 16°52’29’’, 200 to 300 m west
of the lime kiln (“Galeria Wapiennik”) in the vil lage of
Stara Morawa

Light quartzites of the Stronie Formation form a conti-
nuous marker ‘horizon’ ~15 meters thick and kilometres
long, which separates other rocks of the Stronie Formation

from paragneisses of the M³ynowiec Formation and Œnie¿nik 
orthogneisses (Don & Dowidar, 1988) (Fig. 1). Their strati-
graphic and age relationships with respect to the adjacent
mica schists of the Stronie Fm and paragneisses of the M³y-
nowiec Formation are discussable (for review, see ¯elaŸ-
niewicz et al., 2014, this vol ume). The recent zircon studies
indicate that the deposition of the Goszów quartzites pro-
tolith took place either during Middle Cambrian–Early Or-
dovician time span (Jastrzêbski et al., 2010) or during Early
Ordovician (Mazur et al., 2012).

The light quartzites are usually more resistant to weathe-
ring and erosion than adjacent rocks and outcrop in many
localities. The visited exposure is situated in the village of
Stara Morawa, where it forms an approximately 100 m wide,
E–W oriented rock ridge. Three main petrographic varieties
of light quartzites can be distinguished in this outcrop: (1)
“pure quartzites” that are massive, fine-grained rocks mainly
composed of quartz (80 vol%) and muscovite (up to 15
vol%), (2) “muscovite-rich quartzites” being transitional
form to mica schists, characterized by alternating laminae of
quartz (60–70 vol%) and phyllosilicates (Ms, Chl > Bt); the
latter laminae commonly contain large (up to 7 mm) porphy-
roblasts of garnet, and (3) “K-feldspar quartzites” composed
of quartz (80% vol%) and K-feldspar (~5% vol%). Two first
varietes dominate in this outcrop and they form thin inter-
lay ers with interfingering contacts. K-feldspar quartzites are
observed sporadically, with no sharp boundaries to the pure
quartzites. The observed relationships between these varie-
ties suggest that their protolith mainly comprised quartz
sands frequently intercalated by more pelitic layers.

The pen e tra tive fea tures of these rocks is meta mor phic
fo li a tion that dips to ward N or NE at low to mod er ate an gles 
and min eral lineation that plunges at low an gles to ward N.
Meso-and microstructural ob ser va tions in di cate that this pe- 
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Fig. 2. Reconstructed sequence of deformation. A – F2 folds with blasts in the hinge zones overprinted by N-vergent F3 syn-shearing folds;
B – z-type E-vergent folds F4; I, II, III – contour diagrams to show orientation of structural features (lower hemisphere, equal area
projection).
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Fig. 1. Location of the stops 5 and 6 on geological map of Don et al. (2003) and cross-section of Don (1982).

Fig. 2. Petrographic, deformation and metamorphic features of the light quartzites exposed in the village of Stara Morawa.



netrative fo li a tion was de vel oped as the ax ial pla nar to tight
to iso cli nal, N–S trending F2 folds. The S2 planes are defi-
ned by quartz grain-shape fab ric, some times em pha sized by
al ter nat ing laminae of quartz and phyllosilicates and para-
llel align ment of staurolite blasts. In “pure quartzites”, rel ics 
of the S1 oc cur in form of folded quartz lam i na tion. In the
mus co vite-rich quartzites, the S1 fo li a tion is formed by the
pre ferred ori en ta tion of chlorite-chloritoid-mus co vite inclu- 
sion trails in gar net porphyroblasts. The S2 planes show a
re cord of a re ac ti va tion as the S3 fo li a tion re sulted from the
sub se quent N–S di rected duc tile shear ing and ex ten sion
(Fig. 2). Shear sense in di ca tors in clud ing s-clasts in di cate
top-to-N move ment along the S2 || S3 fo li a tion. Syn-D2 fa-
bric el e ments, i.e. gar net and staurolite grains have been
stretched and boudinaged due to a pro gres sive mylonitic de -
for ma tion. This means that both the pen e tra tive fo li a tion
and N–S trending lineation are polyphase struc tures deve-
loped dur ing the D2 and D3 stages (Fig. 2). The D4 tectonic
stage produced the concentric N–S (NE–SW) trending
small-scale mesofolds F4.

Micro struc tures and pseudosection thermobarometry
ap plied to gar net-bear ing “mus co vite-rich quartz ite” in di -
cates the tem per a ture in crease dur ing de vel op ment of the S2 
fo li a tion to the con di tions of ca 580°C and 6 kbar. Changes
in min eral as sem blages re lated to the S1 and S2, and the ob -
tained P-T path clearly cor re spond to those ob served for the
mica schists of the Stronie For ma tion from Krzy¿nik Mt
(Murtezi, 2006; Jastrzêbski, 2009) that is lo cated 1.2 km
north of the vis ited out crop. The D3 shear ing was con nected 
with the con di tions at which bi o tite was re placed by chlorite 
and gar net was not stable (below 450°C, and 3 kbar).

The de tailed elec tron microprobe monazite dat ing has
been per formed on the sin gle sam ple. Con cen tra tions of U,
Th and Pb in all stud ied monazites, re cal cu lated us ing age
equa tions from Montel et al. (1996), yielded U-Th-to tal Pb
age of 339 ± 2.6 Ma (MSWD: 1.19, n=68). They pro vide a
wide range of ages, be tween 310 and 370 Ma, sug gest ing
pro longed meta mor phic pro cesses ex pe ri enced by the quart- 
zites. The high est con cen tra tion (more than a half of re sults) 
falls be tween 330 and 350 Ma, in di cat ing the pe riod of most 
pro nounced monazite growth. All the stud ied monazites
were ma trix-re lated. There fore the ob tained max i mum in
~340 Ma can be ei ther re lated to the D2 or to the D3 tectonic 
event recorded by these rocks.

Stop 1.6

Migmatized M³ynowiec paragneisses from Zawada Mt.
(near Boles³awów vil lage)

Lead ers: Miros³aw Jastrzêbski (ING PAN), Wojciech
Stawikowski (UAM Poznañ) & Bartosz Budzyñ (ING
PAN)
Topic: Lo cal migmatization of the M³ynowiec–Stronie
Group
Lo ca tion: N 50°14'54", E 16°50'38", north ern ridge of the
Zawada Moun tain

The pres ence of lo cal migmatization of the M³ynowiec

For ma tion paragneisses in the Orlica–Œnie¿nik Dome was
sig nalled by Don et al. (2003). These au thors de lin eated an
ex tent of migmatization in the supracrustal rocks on their
map of the L¹dek–Œnie¿nik Meta mor phic Unit. The migma- 
tized paragneisses form a ~100 me ters long and sev eral me -
ters high ex po sure at the north ern ridge of Zawada Moun -
tain, to the south of Boles³awów village.

In contrast to typical paragneisses and mica schists of the 
M³ynowiec formation, the rocks from Zawada contain nume- 
rous pods and patches of leucocratic material (composed
mainly of plagioclase and quartz, with up to 2 mm garnets
and subordinate micas). Mesosome is a medium-grained pa-
ragneiss containing quartz, plagioclase, muscovite and bio-
tite, garnet as well as sillimanite visible at the microscopic
scale. Leucosome patches display more weakly oriented
fabric and larger grain size compared to the surrounding
mesosome. Occasionally, they show pegmatoid texture. The
leucosome bodies form either small patches (1– 2 cm), dis-
persed within the mesosome, or elongated pods up to 20 cm
thick and more the meter long. The relationships between the
leucosome and the mesosome indicate in-situ migmatization,
with only local transport of the metatectic material.

The con spic u ous fo li a tion in the migmatized paragnei-
sses dips W to WNW un der mod er ate to steep an gles, and
con tains subhorizontal lineation plung ing to wards N–
NNW. This pla nar fea ture was de vel oped as the ax ial pla nar 
fo li a tion (S2) of tight to iso cli nal N–S trending folds (F2).
Asym met ri cally de formed leucosome patches to gether with
the C’ sur faces pre dom i nantly in di cate top-to-the S/SSE
shear ing (S3), in con trast to top-to-the-N ki ne mat ics of the
S3 planes in the pre vi ously vis ited out crop (stop 5). Also the 
min eral lineation dis plays stretch ing char ac ter (de fined by
elon gated leucocratic patches), con firm ing the pres ence of
shear ing event registered by the paragneisses (Fig. 1).

The pseudosection cou pled with con tour ing of the min -
eral com po si tion iso pleths, show that the syn-D2 min eral
as sem blage Qz–Pl–Ms–Bi–Grt–Sil–Liq de vel oped at ~700
°C and 6 kbar. The con tour ing of both the prograde part of
the P–T loop and of the P–T val ues ob tained for the peak
tem per a ture as sem blage, in di cates that the D2 event was
fol lowed by the pressure peak (Fig. 1).

The N-dip ping S2 fo li a tion in the rocks near Stara Mo-
rawa and the W-dip ping S2 fo li a tion in the rocks near Bole-
s³awów form the two limbs of the large-scale, over turned
fold (fan-like Kletno fold ac cord ing to the no men cla ture of
Don, 2001). This also re sults in the ob served op po site shear
senses in its op po site limbs. Sim i larly, the dif fer ences in the
ob served P-T con di tions be tween rocks of the Stronie For -
ma tion and the migmatized part of the M³ynowiec For ma -
tion are plau si bly ex plained by late re gional fold ing, which
led to the de for ma tion and tilt ing of both the lithological
con tacts, the S2 planes as well as the Barrovian meta mor -
phic iso therms (see Fig. 1 for stop 5) (Jastrzêbski et al.
2014, in re view).

The geo chron ol ogi cal study of monazites and zir cons
from the migmatized paragneisses was per formed. Mona-
zites oc cur in the rock ma trix, both of the leucosome and the 
mesosome. The Th-U-to tal Pb dat ing of the leucosome mo-
nazites yielded an age of 337 ± 3 Ma, while monazites from
the mesosome gave 331 ± 6 Ma, with the faint re cord of 355 
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± 11 Ma age. The above-men tioned 330–340 Ma monazite
ages from the leucosome patch, can be in ter preted as con -
strain ing the time of lo cal migmatization of the M³ynowiec
Formation.

The col lected larger, pegmatoid-like leucosome body is 
reach in semitransparent, rarely clear, nor mal-pris matic zir -
con crys tals. These zir cons are 100 to 250 µm long, sub-
hedral to euhedral. Al most the whole zir con pop u la tion re -
veals clear small-scale os cil la tory zon ing. Most of the crys -
tals have up to 40 µm wide rims, darker in cathodolumines-
cence. The U-Pb SHRIMP zir con study yielded ages con -
cen trated in two groups. The first group, re fer ring to the os -

cil la tory-zoned parts of the zir con grains, in cludes the re -
sults ca. 500 Ma. The sec ond one, ob tained for rims of the
zir con prisms, yielded ages of ca. 340 Ma. Such a dis persal
of the re sults can be in ter preted in two al ter na tive ways. The 
first ex pla na tion states that the ~340 Ma age rep re sents the
migmatization event, while the os cil la tory-zoned in ner parts 
of the zir cons are in her ited. The strongly con cen trated ~500
Ma age clus ter is, how ever, in con tra dic tion with the wide
scat ter of zir con ages ex pected in case of (meta)de tri tal or i -
gin, pre sumed for the vis ited rocks. Ac cord ing to the sec ond 
ex pla na tion, ca. 500 Ma ages could be in ter preted as the age 
of migmatization of the M³ynowiec paragneisses, while the
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Fig. 1. Petrographic, deformational and metamorphic features of the migmatic rocks exposed at the Zawada Mt.



age of ~340 Ma (com monly reg is tered in the OSD) would
re cord the Variscan ther mal over print. The data ob tained
from the monazite dat ing sup port the first in ter pre ta tion.
Nev er the less, ad di tional dat ing of zir cons com ing from the
mesosome is nec es sary to eval u ate the mean ing of the ob -
tained geo chron ol ogi cal re sults and to shed more light on the
protolith of the sheared migmatic rocks from the Zawada Mt.
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