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Neoarchean to Paleoproterozoic fragments in the Brunovistulia terrane, S Poland:
a component of the Columbia Supercontinent?
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The composite terrane of Brunovistulia includes basement of the Upper Silesia Block, southern Poland. In its NE part, the
basement is elevated by the Rzeszotary Horst. In the Rzeszotary 2 borehole (Rz2) drilled in the horst, partly migmatized am-
phibolites, felsic gneisses and granites occur. An Na-plagioclase-phengite-K-feldspar neosome contained zircons that
yielded U-Pb SHRIMP ages ~2.75-2.6 Ga (cores and single grains) and ~2.0 Ga (rims and single grains). The older ages are
interpreted as the time of origin of the igneous protolith of the migmatized amphibolites. The younger ages recorded meta-
morphism and migmatization that affected both the magmatic precursor of the amphibolites and accompanying felsic rocks
during a contractional tectonic/orogenic event. Migmatization was greatly enhanced by an influx of alkali-bearing fluids which
heralded intrusion of late-orogenic unfoliated K-granite in an extensional regime, terminating the 2.0 Ga event. It is proposed
that the entire orogenic edifice, of which the Brunovistulian rocks drilled in Rz 2 are a small part, represents fragments of the
Columbia Supercontinent that was assembled in the Paleoproterozoic and broken up in the Mesoproterozoic. In Ediacaran
times, these fragments became eventually incorporated into the Cadomian orogen in the form of its foreland and contributed
to the formation of the composite terrane of Brunovistulia. Such a scenario explains why the U-Pb zircon age spectra in the
Rzeszotary terrain differ dramatically from those in the remainder of Brunovistulia, which is thought to be the Cadomian hin-
terland.
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INTRODUCTION 2000). Such data indicated the presence of an edifice of at least
Neoarchean age, or rather a fragment of it, in the USB base-

ment, which thus contains the oldest rocks in Poland. To check

In the Upper Silesia Block (USB), southern Poland, Pre-
cambrian rocks are known from the subsurface as granites,
gneisses and phyllites discordantly overlain by Lower Cambrian
(sub-Holmia) sandstones (Buta et al., 1997, 2008; Buta and
Zaba, 2005). The crystalline rocks are interpreted as the base-
ment of the Brunovistulia terrane (Dudek, 1980; Nawrocki et al.,
2004) and assigned to the Cadomian orogen because of
580-545 Ma U-Pb ages of zircons retrieved from the unfoliated
(late/post-tectonic) granites (Zelazniewicz et al., 2009). Be-
sides the Ediacaran granites and gneisses, in the eastern part
of the USB, metabasites associated with a variety of (meta)fel-
sic rocks were found in the Rzeszotary 2 borehole (Fig. 1)
drilled in the concealed Rzeszotary Horst (Konior, 1974; Heflik
and Konior, 1974; Buta, 2000; Zelazniewicz et al., 2009). Pre-
liminary dating of gneisses and amphibolites from the
Rzeszotary 2 borehole revealed a U-Pb zircon age of 2.7 Ga for
the igneous protolith of felsic rocks of the former (Bylina et al.,

* Corresponding author, e-mail: pansudet@pwr.wroc.pl

Received: October 18, 2019; accepted: December 17, 2019; first
published online: February 27, 2020

this notion, U-Pb zircon SHRIMP analyses were made of an
unfoliated granite vein and neosome rock from migmatized am-
phibolites drilled in the Rzeszotary 2 borehole (Rz2). The re-
sults obtained have implications for the provenance of Bruno-
vistulia and for features of the Cadomian orogen.

GEOLOGICAL FRAMEWORK

Brunovistulia (Dudek, 1980; Nawrocki et al., 2004) is a
composite terrane, with mainly Neoproterozoic basement,
accreted to the southwestern margin of Baltica in central Eu-
rope (Fig. 1A). Itis composed of crustal pieces of Gondwanan
descent which once belonged to the Cadomian orogen of An-
dean type (Finger et al., 2000; Kalvoda et al., 2003, 2008;
Zelazniewicz et al., 2009; HanZl et al., 2019). Brunovistulia is
identifiable up to the Balkans mainly by subsurface investiga-
tions (Haydutov and Yanev, 1995; Kalvoda et al., 2008). In its
Upper Silesian part, fragments of both the Cadomian hinter-
land and foreland have been recognized (Buta et al., 2008;
Zelazniewicz et al., 2009). A foreland basement (Fig. 1B) was
encountered in the Rzeszotary Horst. In 1909, only a few
metres of greenschist and muscovite orthogneiss were drilled


https://gq.pgi.gov.pl/article/view/7506/6156
https://gq.pgi.gov.pl/article/view/7506/6156
https://gq.pgi.gov.pl/article/view/7506/6156
https://gq.pgi.gov.pl/article/view/7506/6156

Neoarchean to Paleoproterozoic fragments in the Brunovistulia terrane, S Poland...

121

: A
@
b A B
2 Baltic Sea Lot
<] 0 50 km Py
c ! . /
g 6 & 4 O
>
N ‘ Y " 4
< ) MEEEAN
SN
Ve, Vs 9 Q
» * )
BERLIN ...'. ‘9\7, & 4 B!elsko? »00 \ -
o e s o) \_ Biala ® ik ?
POZNAN s 25 "% 'S ey Rzeszotary
L. % 0’9 WARSZAWA -~
@Vansc:des 50\
% WROCLAW ;-: Q I
P INS/ ¢
g — y I
2T et N
PRAHA v K RAKOW ’
9 [ » v
AN
) H ’“ /% Rzeszota N N
N ]| |L3?” Stavkov 3 s
W, Thaya Fig. 1B f <
WIEN o
AF ¥ 1
® BUDAPEST 6\
A I\Np i d e s o
LJUBLIANA % 9
ZAGREB ’pO/ L
e NG
N T e
(\ ~ N \\7\ \
> )
j\ < BEOGRAD SUCURES h o o
\ - )
- ) =) Rz2
%, o 300 km MA
(1)
L | o L
AN &
: : Rzeszotary
Brunovistulia .
|:| Rzeszotary Ter. I:l RH - Silurian cover B2} Variscan front
Cadomian foreland I:I RH - Precambrian exposed Moldanubian Thrust
Slavkov Terrane under Jurassic cover Zone
Cadomian hinterland Devonian cover Alpine-Carpathian
Immm gh(jayaTe:;\rgxneI g adjacent to RH front 0 5 km
adomian hinterian RH - boreholes in T~,| state frontier
Pcm basement T EE e ma ma

Fig. 1A —location of Brunovistulia (box) within a tectonic sketch of central Europe (Zelazniewicz et al., 2009; age data af-
ter Bogdanova et al., 2008); EEC — East European Craton, D — Dobrogea, KLF — Krakoéw-Lubliniec Fault Zone, MTZ —
Moldanubian Thrust Zone, M — Moesia, VF — Variscan Front; B — Brunovistulia; C — Rzeszotary Horst (light grey) with api-
cal part (white) exposed at the Mid-Jurassic palaeosurface, flanked by Devonian carbonates (grid); Rzeszotary 2 bore-
hole (dot), other boreholes (squares), modified after Konior (1974)

in the Rzeszotary 1 borehole and thus the provenance of
these rocks has been variously interpreted (Petrascheck,
1909; Nowak, 1927). In 1960-1961, the Rzeszotary 2 bore-
hole was drilled 200 m east of the earlier one. In Rzeszotary 2,
a 118 m thick fragment of the crystalline basement (top at
~845 m b.t.l.) was penetrated below a Middle Jurassic—Creta-
ceous platform cover in turn overlain by Miocene deposits of
the West Carpathian Foredeep and overthrust by nappes of
the Alpine system (Burtan, 1962). Felsic crystalline rocks of
the Rzeszotary Horst were penetrated by another dozen bore-
holes (Fig. 1C) though at greater depths (Konior, 1974). Am-
phibolites were found only in the Rzeszotary 2 borehole, which
corroborates potential field data. On magnetic maps (Ciesla et
al., 1993), the horst area coincides with a distinct low
(~-50 nT). On the gravimetric maps (Krolikowski and Petecki,

' Mineral abbreviations after Whitney and Evans (2010);

1995), it overlaps with a small local high (3—4 mgal) that fits
well the inferred basement elevation in the Rzeszotary Horst.
Timing of the horst origin remained unclear. Crystalline
rocks found in Rzeszotary 2 were interpreted as a pre-
Hercynian succession of “...more or less diaphtoretically al-
tered amphibolites and gneisses injected with feldspars and
subjected to granitization, likely forming a mantle to a more
deeply seated granite body...” (Burtan, 1962). Recent re-exam-
ination of still available Rzeszotary 2 core revealed a wider vari-
ety of gneisses, granites and migmatized amphibolites (Fig. 2).
Plagioclase-muscovite (pl-ms’) gneisses (Fig. 3A), predom-
inant at a depth of ~845-887 m, are composed of albite (An
<10)? and quartz with subordinate phengitic muscovite (Si apfu
<3.5), minor calcite, rare epidote (Ps >10), and relics of garnet
and Al,SiOs (kyanite?) phase. The plagioclase is generally poor

2 Chemical compositions of mineral phases were determined with the CAMECA SX-100 electron microprobe facility at the
Interinstitutional Laboratory of Microanalysis at the Institute of Geochemistry, Mineralogy and Petrology, Faculty of Geology,

Warsaw University
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Fig. 2. Lithological log of the Rzeszotary 2 borehole
with location of geochronological samples (Rz17, Rz18)

in inclusions. Foliation is expressed by mica flakes and alternat-
ing plagioclase-rich (p/>qz) and quartz-rich (qz>pl) layers.
These rocks were described earlier as “muscovite schists and
feldspar-muscovite gneisses” (Burtan, 1962).

Epidote (ep) gneisses (Fig. 3B) consist of plagioclase and
quartz accompanied by abundant phengitic mica and epidote
whereas K-feldspar, calcite, garnet, biotite, rutile, titanite and
hornblende are sparse. Plagioclase (An+s.) is poikiloblastic ow-
ing to the abundance of preferentially oriented epidote inclu-
sions. Low-Fe epidote also occurs as parallel arranged grains in
the groundmass. Garnet (Almsg_s4 -Grszs_30 -Prp1s_11) is tectoni-
cally dispersed within polymineral layers. Epidote gneiss occurs
as interlayers in the amphibolites.

Pinkish granite (Fig. 3C) is composed of K-feldspar/alkali
feldspar, albite (Ans_¢), phengitic mica, a few relicts of Ca-low
almandine-pyrope garnet (Almgo_s1-Prps2-35-Grs,_s), scarce ap-
atite and allanite. The three latter minerals form occasionally
large, densely packed aggregates. Epidote is very sparse or ab-
sent. In the alkali feldspar, the K-component increases toward
the rims. Kfs also forms embayments or extensively replaces
albite, appears as inclusions in phengitic mica and in albite and
develops intergrowths with quartz. On the other hand, kfs itself
contains inclusions of albite, mica and quartz. The pinkish gran-
ite is an unfoliated and practically ductilely unstrained rock, evi-
dently the youngest lithological variant in Rz2. It penetrated the
country rocks both as sills and dykes along fracture zones.

Volumetrically dominant amphibolite is a massive coarse to
medium-grained garnet-poor rock (type 1), possibly derived
from a gabbroic protolith (Fig. 4A). It consists mainly of Ca-am-
phibole, plagioclase (Any_s), low-Fe epidote both in the
groundmass and as inclusions in plagioclase, titanite and +
almandine-grossular garnet (Almsg_ss-Grsg27-Py12-11), compo-
sitionally similar to that in the epidote gneisses.

Amphibolite type 2 is a relatively fine-grained rock (Fig. 4B),
presumably derived from basaltic protolith, also composed of
Ca-amphibole, plagioclase (larger grains Anyg_1o; small ground-
mass grains Ang_3) and abundant garnet (Almsg_s5-Grsas 20~
-Py1s_16) but scarce epidote and titanite. Conventional P-T esti-
mates for amphibole-plagioclase pairs show that metamor-
phism occurred at temperatures of 570-615°C (geothermo-
metry of Holland and Blundy, 1994) and pressure of 9—10 kbar
(Plyusnina, 1982; Schmidt, 1992) in the case of the amphibolite
types studied (unpublished data, in prep., 2019).

Amphibolites, mainly type 1, pass into striped and migma-
titic amphibolites due to the increasing contents of felsic min-
erals and white mica (Figs. 3D and 5). The neosome layers are
relatively coarse-grained rocks composed of quartz and feld-
spars (Pl + Kfs) accompanied by ms and hbl in variable
amounts, thus grading to hbl-gneisses/granodiorites. In the
migmatites, mesosome, melanosome and leucosome por-
tions are discernible (Fig. 5A).

The neosome in the migmatized amphibolites generally
formed prior to intrusions of K-granite. Scarce yet coarse Mg-
hornblende blasts, riddled with drop-like quartz, phengite and
garnet inclusions are dispersed in the leucocratic ground-
mass. Large, densely twinned, poikilitic plagioclase (Any_z)
grains are associated with thick quartz layers made also of
coarse subpolygonal, almost unstrained grains or of markedly
elongate grains. There is subordinate phengite and garnet
(Almsg_s5-Grszo_o7- Py16-11) £ epidote (Ps7_s). The felsic miner-
als are corroded or coated by kfs which also forms irregular
grains and veinlets.

The data collected show that metamorphism slightly pre-
ceded migmatization. Migmatization in the amphibolites was
accomplished by development of stripes composed/enriched in
quartz, albite, epidote and phengite while the mafic ground-
mass consists of more densely packed amphibole but less feld-
spar (oligoclase). Striped amphibolites were produced by syn-
tectonic metamorphic segregation. The process was remark-
ably enhanced by penetration of alkali-bearing fluids and facili-
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Fig. 3. Felsic rocks

A — pl-ms gneiss, depth of 885 m; B — ep-gneiss depth of 928 m;
C — pinkish K-granite, depth of 955 m; D — neosome in migmatized
amphibolite, depth of 920 m

Fig. 4. Mafic rocks

A — epidote amphibolite (type 1), depth of 895 m;
B — garnet amphibolite (type 2), depth of 943 m

Fig. 5. Tectonic deformation in migmatitic
amphibolite
A - mesosome, fine-grained melanosome and

coarse-grained leucosome/neosome (grading to
—hbl gneiss) layers, while a later extensional shear
zone cross-cuts the migmatitic layering (red arrow),
depth of 918 m; B — syntectonic thin leucosome layers
segregated with fluid assistance in a contractional re-
gime (upper arrows: T-gash, lower arrows: thrust),
depth of 898 m; C — thicker syntectonic segregations
with fluid-promoted coarse-grained (re)crystallized
layers cut by S—-C’ “normal” shear (arrrow), depth of
936 m; mel — melanosome, mes — mesosome, leuc —
leucosome; arrows — shear sense
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tated by shear-promoted channels. Large felsic and mafic min-
eral blasts and common enrichment in albite component in
migmatitic neosomes as well as albitic/alkali-feldspar rims on
plagioclase grains in all these rocks indicate a general activity of
volatiles and K-carrying fluids in the formation of the neosome
(unpublished data, in prep., 2019). The K-carrying fluids were
presumably connected with the same source that released the
K-rich pinkish granite. Some 2—5 m thick granite layers that oc-
cur at the upper and lower portions of the borehole presumably
represent apophyses which probably stemmed from a larger,
more deep-seated, unfoliated granite body.

In the sector drilled, several discrete shear zones occur at
various depths. These were earlier described as “signs of tec-
tonic movements” (Burtan, 1962). In the metabasites, zonally
more intense strain produced strongly pronounced foliation up
to mylonites (Fig. 5B, C). Later deformation in semi-brittle con-
ditions produced cataclastic zones. Felsic layers, specifically
ep-gneisses, were relatively rheologically weaker and thus ca-
pable of localizing the imposed ductile deformation. Mica
fishes, small folds and mineral lineation with up-slip kinematics
testify to a contractional regime and syntectonic metamor-
phism/migmatization (Fig. 5B). An extensional overprint is doc-
umented by the S—C’ fabric, narrow shear zones (Fig. 5A) and
by small-scale normal faults (Fig. 5C).

U-Pb GEOCHRONOLOGY

METHODS

Zircon grains were separated from two samples (Fig. 2),
Rz17 (neosome) and Rz18 (pinkish granite), using standard
crushing, desliming, heavy liquid and paramagnetic proce-
dures. Hand-selected zircon grains were placed onto dou-
ble-sided tape, mounted in epoxy together with chips of the ref-
erence zircons (Duluth Gabbro — FC1), ground to approxi-
mately half-thickness and polished. Reflected and transmitted
light photomicrographs were prepared for all zircons, as were
cathodoluminescence (CL) Scanning Electron Microscope
(SEM) images. These CL images were used to decipher the in-
ternal structures of the sectioned grains and to ensure that the
~20 pm SHRIMP spot was wholly within a single age compo-
nent within the sectioned grains. The U-Th-Pb analyses were
made using a Sensitive High Resolution lon MicroProbe
(SHRIMP 1) at the Research School of Earth Sciences, The
Australian National University, Canberra, Australia, following
procedures given in Williams (1998, and references therein).
Each analysis consisted of 6 scans through the mass range,
with FC1 reference zircon grains analysed for every three un-
known analyses. The data have been reduced using the
SQUID Excel Macro of Ludwig (2001). The Pb/U ratios have
been normalised relative to a value of 0.01859 for the FC1 ref-
erence zircon, equivalent to an age of 1099 Ma (Paces and
Miller, 1993). Uncertainties given for individual analyses (ratios
and ages) are at the one sigma level (Appendix 1*). Wetherill
concordia plots, probability densitg plots with stacked histo-
grams and weighted mean 2’Pb/?®Pb age calculations, con-
cordia ages and discordia regression intercepts were carried

out using ISOPLOT/EX (Ludwig, 2003). All calculated ages are
reported with uncertainties at 95% confidence limits.

For this study, in order to get more information about timing
of the above-described migmatization and K-granite intrusion
into the mafic rocks, zircons were separated from a neosome
sample (Rz17) and from a pinkish granite (Rz18).

ZIRCON SAMPLES

The zircons from the migmatitic leucosome sample Rz17
are elongate, yellow-brown grains, with subrounded termina-
tions. Most of the grains are cracked, but they do contain clear
areas. The central parts are often dark and metamict, and there
is a clear distinction between the clearer outer areas and the
more metamict central parts to the grains. The CL images fur-
ther highlight that distinction and reveal complex internal struc-
tures (Fig. 6A). In general, the outer parts of most grains are rel-
atively homogeneous to weakly sector zoned. The central ar-
eas to grains 1, 7 and 10, for example, are very dark, under CL
subdued, often oval in shape. Thin, very bright CL rims are
present on many grains, but are <10 pym in width and too narrow
to be analysed in the current study.

The zircons from the unfoliated K-granite sample Rz18 are
notably equant to irregularly shaped grains and fragments of
grains that are very clear under transmitted light. The CL im-
ages show a mostly subdued, relatively homogeneous internal
structure, with minor oscillatory and sector zoning present in
some grains (Fig. 6B).

RESULTS

SAMPLE Rz17

The analyses for the neosome sample Rz17 further high-
light the complex nature of the zircon populations (Appendix 1
and Fig. 7A). Twenty-one areas have been analysed on 19 zir-
con grains. The analyses record a range of 2’Pb/?*Pb ages,
with a scattered older grouping between ~2570 and ~2765 Ma,
and a near to concordant younger grouping at ~2000 Ma. The
two analyses on each of grains 5 and 12 provide a key to the un-
derstanding of the U-Pb systematics. Grain 12 has an essen-
tially unzoned outer area which records a 2’Pb/?°Pb age of
~2010 Ma. The dark CL, higher U central area has a **’Pb/*Pb
age of ~2694 Ma. The low U, thin outer rim to grain 5 and the
high U (dark CL) central component both record 2*’Pb/*®Pb
ages of ~2575 Ma. In contrast to the results for grain 12, the
lower U outer components to grains 1, 4, 6, 9 and 10 all record
27pp/2%ph ages that are within the scattered Late Archean
grouping. The rims and outer areas on grains 7, 8, 11, 13, 15,
17 and 19, together with that for grain 12 all record **’Pb/***Pb
ages ~2000 Ma. Those analyses range from concordant to ~5%
discordant and a regression line fitted to the 8 analyses gives an
upper intercept at 2005 +6 Ma (MSWD = 1.3; Fig. 7A). The
lower intercept is within uncertainty of the present day, and the
weighted mean of the 2°’Pb/*®Pb ages for these 8 analyses is
2002.9 £3.1 (MSWD = 1.2; Fig. 7A).

In terms of the older areas/grains, the majority of the analy-
ses are discordant, the oldest analysis is of grain 16 at

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1515
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1
2696 17

Fig. 6. BSE images of analysed zircons with analytical spots

A — neosome Rz17; B — K-granite Rz18

~2765 Ma and is ~10% discordant. On the concordia plot there
appear to be several possible discordia lines, but no clearly de-
fined lines of best fit. The areas analysed are considered to
have undergone ancient and multiple radiogenic Pb loss epi-
sodes that gave rise to the scattering. However, there can be no
doubt that there was a prominent Late Archean zircon crystalli-
zation event(s). The analysis of the coarser grain 2 together
with the analyses of the structured grain 5 can be used to imply
that the zircon crystallized ~2570-2575 Ma.

The Th/U ratios for several of the areas giving the ~2570 to
~2765 Ma dates are notably low, ~0.02 (analyses 14.1 and

18.1) to ~0.08 (grain 4). These may imply that some of the zir-
con has a metamorphic paragenesis. In terms of the ~2000 Ma
zircon component, the Th/U ratios are between ~0.22 to ~0.36,
and these values are common to crustal igneous zircon.

SAMPLE Rz18

The morphology and CL structure of the zircons from this
sample of unfoliated granite show relatively simple igneous
features (Fig. 6B). The 20 areas analysed on 18 zircon grains
range from concordant to ~10% discordant, with 2°’Pb/***Pb



126 Andrzej Zelazniewicz and C. Mark Fanning
A Weighted Mean 207Pb/206Pp =
0351 2002.9 - 3.1 Ma
for 8 of 21 analyses
MSWD = 1.2, probability = 0.30 .
/Concordia intercepts at /
122- 290 Ma & J
4
2005 - 6 Ma 2400 7 .
0.45F | MSWD = 1.3, 8 analyses .
¢ 4
0? ﬂ/ *
[5¢] 4
S 2200 0,
e - g .
o g, 038
© . *
S e
, . 0.37
L4
0.35 ‘ . 0.36
L4 ! ‘
1 ., O 0.35
4 . ‘
., 034 |
L4
., 0.33
‘ 4
24
0.25 . . . . . .
4 6 10 14 16
B 207pp/235Y
0.40
’ &
. 2
3 3
f. : /2080
038 = s
. A ‘ \ Z
1900 1920 1940 1960 1980 2000 2020 20
207pp/206ph Age (Ma)
D0.36
[o]
&
B 2015 I
o
§ 2005
0.34 1995 = | -
1 - 1985
/ 1975
0.32 Weighted Mean 207Pb/206Pp =
1997.8 - 3.3 Ma
for 13 of 20 analyses
MSWD = 1.5, probability = 0.13
030 . . : :

5.0 5.4

Fig. 7. Concordia

5.8 6.
207Pb/235U

2 6.6 7.0

plots of zircons

A — neosome Rz17; B — K-granite Rz18

ages that are between ~1930 to ~2010 Ma (Appendix 1 and
Fig. 7B). The areas analysed have moderate to high U con-
centrations (up to ~1235 ppm) and the Th/U ratios are consis-
tent with crustal igneous zircon (~0.18 to ~0.40). Unfortu-
nately, despite the apparently simple internal structure, there
is some scatter in the discordia array, and a regression line fit-
ted to all 20 analyses has excess scatter (MSWD = 5.7; plot

not shown). This dispersion is highlighted on the probability
density plot, with stacked histogram (see inset Fig. 7B), where
the main grouping shows a notably asymmetric distribution,
with tailing on both the older and younger age sides; mostly on
the younger side. This distribution implies that there has been
radiogenic Pb loss prior to the present day. An arbitrary selec-
tion of 13 of the 20 analyses indicates a possible weighted
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mean 2’Pb/?*®Pb date of 1998 +3 Ma (MSWD = 1.5 Ma). This
provides a constraint on the time of igneous crystallization in
the K-granite which intruded into the Rzeszotary gneiss-am-
phibolite domain.

DISCUSSION

The new U-Pb zircon data for the Rzeszotary rocks suggests
that they originated at ~2.75-2.6 Ga. In an earlier study reported
in an abstract by Bylina et al. (2000), zircon grains from a pl-ms
gneiss yielded a U-Pb TIMS upper intercept age of 2.7 Ga, which
corresponds with our results. Complete recycling of still older
(metamorphosed?) crust cannot be entirely excluded, yet there
is no evidence of U-Pb zircon resetting. Although the geochemis-
try of the amphibolites points to mantle origin (unpublished data,
in prep., 2019), the limited core material does not allow one to
decide upon the primary relationships between precursors of the
amphibolites and pl-ms gneisses. The observed presence of a
few thin intercalations of amphibolite in the gneisses is ambigu-
ous. These might represent mafic xenoliths entrapped by felsic
magma on intruding or alternatively veins of mafic rocks that
penetrated the earlier developed felsic edifice, whether granitic
or gneissic. Such an edifice may have been derived via partial
melting from a primitive basaltic protolith which was produced by
earlier mantle melting (see Barker, 1979; Martin, 1993). In any
case, the 2.75-2.6 Ga event must have produced zircon-carry-
ing felsic rocks that contributed to the formation of the crust in
Neoarchean times.

In Rzeszotary 2, more legible are the records of a subse-
quent major event that occurred at 2.0 Ga. The borehole cores
revealed evidence of contractional deformation concurrent with
broadly syntectonic metamorphism and migmatization. Striped
amphibolites were produced by syntectonic metamorphic seg-
regation notably enhanced by penetration of alkali-bearing flu-
ids that assisted in the formation of the neosome. The ep-
gneisses were also strongly affected by migmatization which
was both preceded and followed by the localized ductile shear-
ing. Such features along with the large grain-size indicate an
active role of volatiles and K-carrying aqueous fluids. The meta-
morphic segregations were most likely accomplished in an
open system, assisted by fluids and partial melting similar to the
manner described by Bowes and Park (1966). Water and
K-ions may have come from alkali-carrying fluid infiltrations pre-
sumably connected with the formation of K-granite deeper in
the crust, which intruded the Rzeszotary domain at 2.0 Ga con-
currently with migmatization. The composition of the granite
points to a felsic precursor, probably metamorphic as indicated
by Th/U ratios in zircon. This notion is in line with relicts of
pyrope-almandine garnet which has remained preserved in the
granite. Such remains suggest that earlier HP felsic granulitic
crust, or one including felsic granulites, was partially melted and
the melt gave rise to granitic magma. Alternatively the formation
of the granite may have been accomplished by dehydration par-
tial melting of hbl-grt amphibolites, which seems less likely.

The potential field data and borehole observations suggest
that the Rzeszotary Horst is built of predominantly felsic rocks.
Our zircon ages show that these rocks did not undergo any legi-
ble thermal event after 2.0 Ga. In both the samples analysed, the
zircons suffered radiogenic Pb loss at unconstrained times. This
might be at least partly connected with Permo-Carboniferous
magmatic activity in the area (Nawrocki et al., 2010; Mikulski et
al., 2019), which would concur with the lower intercept at 290 Ma
(Fig. 7) and explain thin bright CL rims on some zircon grains.

The 2.75-2.6 Ga ages make a significant contrast to the remain-
der of the terrane of Brunovistulia. In tectonic terms, the Rzeszo-
tary domain clearly belonged to the foreland of the Cadomian
orogen preserved in Brunovistulia (Buta and Zaba, 2005; Buta et
al., 2008; Zelazniewicz et al., 2009). On the other hand, the
Cadomian hinterland in Brunovistulia is built of Gondwana
(Amazonia)-derived fragments that recorded (tectono)thermal
events at ~1.0, 1.2, 1.4-1.5 Ga and ~ 1.65-1.8 Ga (Finger et al.,
2000; Friedl et al., 2000; Zelazniewicz et al., 2005, 2009). In view
of that, the Rzeszotary part of Brunovistulia may be considered
as an exotic fragment of another continental entirety which was
composed of Neoarchean and Paleoproterozoic crust. Such
continental crust after profound reworking in the course of the
~2.0 Ga event was then broken up and the resultant fragments
became reassembled in Neoproterozoic times (Nawrocki et al.,
2004; Zelazniewicz et al., 2009). In view of the above, the ances-
tors of the Rzeszotary crustal pieces should be looked for among
cratons that have carried records of both ~2.75-2.6 Ga and 2.0
Ga orogenic events. Records of events of such ages have been
reported from some cratons. However, in the present-day state
of knowledge, it is difficult to tell which craton the Rzeszotary do-
main was actually derived from, to be eventually incorporated
into the Cadomian belt. The Neorchean-Paleoproterozoic age
spectra found in the Rzeszotary 2 borehole cores are compatible
with those recognized in areas as remote today as Tanzania and
Dharwar, India but possibly also at shorter distances in the
Osnitsk—Mikashevychi belt of the East European Craton.

In Tanzania, Khoza et al. (2013) suggested that subduction
of the oceanic lithosphere and collision between the Zimbabwe
and Kaapvaal cratons at 2.7-2.5 Ga were then continued at
2.2—1.9 Ga by transcurrent movements and crustal exhumation
deciphered in the Limpopo belt (Manya et al., 2006).

From the Dharwar craton, India, island arc tholeiitic basalts
of ~2.7 Ga age, compositionally akin to modern arc basalts
(Manikyamba et al., 2004) and a still poorly known tectono-
thermal event at 2.0 Ga (Bhaskar Rao et al., 1992) were re-
ported too.

Still another candidate to contribute to the Rzeszotary ter-
rain, located much closer in its present-day position, could be
the 2.0—1.95 Ga Osnitsk—Mikashevychi igneous belt which em-
braced an island arc association of amphibolite facies rocks that
were later cut by K-granite intrusions. The belt is a junction be-
tween two large cratonic segments of the East European Plat-
form. It initially developed on the Sarmatia craton margin which
eventually collided with Fennoscandia after subduction of the
Belarus oceanic plate (Bogdanova et al., 2001, 2008; Garetsky
and Karatayev, 2011). However, the 2.75-2.65 Ga units occur
away from this margin (Lobach-Zhuchenko et al., 2017). What-
ever the provenence of the Rzeszotary rocks was, they were
very likely involved in the 2.1-1.8 Ga global event that led to the
amalgamation of the Paleoproterozoic supercontinent of Co-
lumbia (Zhao et al., 2002, 2011).

CONCLUSION

Searching for a cradle of the Rzeszotary Horst rocks re-
quires more data about the geology of potentially parent ter-
rains. Nevertheless, the records recognized of the 2.0 Ga event
in Rzeszotary may have very likely remained in the direct con-
nection with the 2.1—-1.8 Ga global event, which gaverise to the
Columbia Supercontinent that was assembled in the Paleo-
proterozoic and broken up in the Mesoproterozoic (Zhao et al.,
2002, 2011). It is suggested that (meta)felsic-mafic rocks of the


https://gq.pgi.gov.pl/article/view/7506/6156
https://gq.pgi.gov.pl/article/view/7506/6156
https://gq.pgi.gov.pl/article/view/7506/6156
https://gq.pgi.gov.pl/issue/view/939

128 Andrzej Zelazniewicz and C. Mark Fanning

Rzeszotary terrain evolved in the course of this process. To
summarize, the Rzeszotary Horst is built of 2.75-2.0 Ga rocks
that are interpreted as derived from an ancient magmatic arc,
as suggested by geochemical signatures (unpublished data, in
prep., 2019), and a subsequent collisional/orogenic zone em-
braced by the Columbia Supercontinent. In Ediacaran times,
fragments of Columbia, after the Rodinian epoch, became
eventually incorporated into the Cadomian orogen as part of the
foreland of the latter, and thus contributed to the formation of

the composite terrane of Brunovistulia and now represent its
oldest Neoarchean-Paleoproterozoic components.
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