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Abstract SHRIMP dating of detrital zircons from
sandstones of the Gackowa Formation (Kaczawa
Complex, Sudetes, SW Poland) indicates input from
late (550-750 Ma) and early Proterozoic to Archaean
sources (~2.0-3.4 Ga, the latter being the oldest re-
corded age from the Sudetic region). These dates
preclude within-terrane derivation from seemingly
correlatory acid volcanic rocks of early Palaeozoic age.
Rather, they indicate provenance from Cadomian and
older rocks that currently form part of other, geo-
graphically distant terranes; the most likely source
identified to date is the Lusatian Block in the Saxo-
thuringian Zone. Hence, the Gackowa Formation may
be late Proterozoic rather than early Palaeozoic in
depositional age, possibly coeval with the late Prote-
rozoic (pre-Cadomian) greywackes of Lusatia, being
subsequently tectonically interleaved with early Pal-
aeozoic volcanic rocks into the Kaczawa accretionary
prism during the Variscan orogeny. However, corre-
lation with the lithologically similar early Ordovician
Dubrau Quartzite of Saxothuringia, and so assignation
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to the early Paleozoic (post-Cadomian) rift succession
deposited at the northern margin of Gondwana, cannot
yet be precluded.
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Introduction

The extensive Palaeozoic volcano-sedimentary succes-
sions accreted within the Variscan belt were deposited
in pre-orogenic, mostly extensional basins, initiated due
to the break-up of the northern Gondwana margin (e.g.,
Pin and Marini 1993; Furnes et al. 1994; Floyd et al.
2000; Pin et al. 2007). The onset of sedimentation is
currently thought to have taken place in late Cambrian
to early Ordovician times and to be closely related to
the incipient continental rifting of the Precambrian
basement previously consolidated during the Cadomian
orogeny (Linnemann et al. 2000, 2004). Shallow marine
sedimentary and volcanic successions were deposited
during the Ordovician on rifted continental margins of
the early Palaeozoic terranes freshly separated from the
Gondwana margin. These terranes, subsequently ac-
creted within the European Variscides, included seg-
ments of Precambrian crust capable of supplying
detritus to the Palaeozoic sedimentary basins. Although
such Precambrian crustal components are known from
many localities across the Variscan belt (e.g., Edel and
Weber 1995), the provenance of material supplied to
early Palaeozoic sedimentary successions remains
poorly constrained. This is because the Palaeozoic pre-
orogenic successions of the Variscides are usually
detached from their original basement, having been
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tectonically included into accretionary prisms and in-
tensely deformed and metamorphosed during subduc-
tion and subsequent continental collision (Kryza et al.
2004 and references therein).

We have carried out U-Pb SHRIMP in situ analysis
of detrital zircons from of the Gackowa Formation
sandstones, previously considered to be Ordovician in
depositional age (Kryza et al. 1994), to constrain the
provenance of material supplied to the volcano-sedi-
mentary succession of the Kaczawa Mountains during
an early stage of its development. The sedimentary
protolith of the Gackowa Formation was originally
deposited on a passive continental margin or in the
incipient continental rift that split an unidentified
Precambrian basement (Kryza et al. 1994). The source
area of the detritus remains unknown since the Gack-
owa sandstones, together with the entire Kaczawa
succession, were subsequently included in a Variscan
nappe complex and occupy an allochthonous position
with regard to the adjacent units (Collins et al. 2000;
Seston et al. 2000). Our geochronological data con-
tribute to unravelling the arrangement of terranes prior
to the Variscan collision and constrain the role of
Variscan tectonism in the reshuffling of crustal blocks.
They also illuminate the complex age relationships
within the Precambrian crust that sourced terranes
assembled within the Variscan orogen.

Geological framework

The Kaczawa Complex in the West Sudetes (NE part
of the Bohemian Massif) was defined (Baranowski
et al. 1990) to comprise (a) fragments of volcanic and
sedimentary sequences of Cambrian? to Early Car-
boniferous age, and (b) mélange bodies, mostly of as-
sumed Late Devonian and Early Carboniferous age.
Both constituent elements are exposed in several fault-
bounded units grouped into the northern, southern and
western part of the Kaczawa Mountains structural unit
(Fig. 1). The metamorphic imprint in the Kaczawa
Complex varies from anchizone to epizone, with
widespread evidence of blueschist facies metamor-
phism overprinted by greenschist facies metamorphism
(Kryza et al. 1990; Kryza and Muszynski 2003 and
references therein).

The volcanic-sedimentary successions of the Kacz-
awa Complex can be subdivided into two parts: (a) a
lower part, Cambrian?-Ordovician in age (but see be-
low), composed of composite metavolcanic rocks
(transitional tholeiitic/alkaline pillow lavas, rhyoda-
cites, and an alkaline bimodal suite) and metasedi-
mentary rocks: metavolcaniclastic deposits, sandstones
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of the Gackowa Formation, the Wojcieszow Limestone
and locally abundant metamudstone sequences
(Fig. 1c), and (b) an upper part, mostly Silurian—
Devonian in age, comprising thick MOR-type meta-
basalts (pillowed and massive), Silurian graptolitic
black slates and cherts and, locally, conodont-bearing
Devonian fine-grained clastic and siliceous deposits.
The top of the lithostratigraphic succesion comprises a
poorly dated sedimentary and tectonic mélange. The
Kaczawa Complex has been interpreted as comprising
fragments of a Variscan accretionary prism containing
coherent thrust sheets of different parts of the Kacza-
wa succession, together with mélange bodies. The early
stage of the pre-orogenic evolution of the succession
involved rifting within a continental crust environment
(Cambrian?-Ordovician), producing a basin floored by
oceanic crust (Silurian-Devonian), and this was fol-
lowed by accretion in the Late Devonian and Early
Carboniferous. The latter produced polygenetic
mélanges showing evidence of overlapping sedimen-
tary and tectonic processes at the early stages of the
Variscan orogeny. Recent structural models (Kryza
et al. 1998; Collins et al. 2000; Seston et al. 2000;
Aleksandrowski and Mazur 2002; Cymerman 2002)
mostly invoke NW-directed thrusting during the main
deformation event and subsequent collapse to the SE
in a transtensional regime.

The Gackowa Formation
General characteristics and previous interpretations

The Gackowa Formation comprises a shallow-water
immature sandstone unit, up to 200 m thick, that crops
out for c. 15 km along the southern part of the Kacz-
awa Mountains in the West Sudetes (Fig. 1). These
rocks were originally mapped as ‘keratophyres”
(Zimmermann 1932; Teisseyre 1963), subsequently
reinterpreted as sandstones (Pacholska 1975), and
analysed in detail by Kryza et al. (1994).

The sandstones are thin- to thick-bedded, with
subhorizontal to wavy bedding and hummocky cross-
stratification predominant over cross-bedding, and with
some beds being massive. The sandstones are sand-
wiched between underlying pillow lavas and overlying
metabasalts and metatrachytes (the Lubrza Trachytes).

Four facies were distinguished in the Gackowa
Formation (Kryza et al. 1994): facies A comprises in-
terlaminated sandstones and mudstones; facies B is
composed of well-sorted wavy-bedded and hummocky
cross-stratified sandstones, interpreted to have been
deposited on a storm-swept shelf, partly below storm
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Fig. 1 a Geological sketch
map of the Lusatian Massif $
and the West Sudetes with

insets showing location within
the Variscan belt b and
sampling site P1 of the
Gackowa Formation ¢. Map a
GSB, Gorlitz Slate Belt;
GSM, Goéry Sowie Massif;
EFZ, Elbe Fault Zone; ISF,
Intra-Sudetic Fault; KCU,
Kamieniec-Niemcza Unit;
NZ, Niemcza Shear Zone;
SB, Swiebodzice Basin; SBF,
Sudetic Boundary Fault; SSG,
Strzegom-Sobdtka Granite;
SPZ, Southern Phyllite Zone.
Inset b MO, Moldanubian
Zone; MS, Moravo-Silesian
Zone; RH, Rhenohercynian
Zone; ST, Saxothuringian
Zone; TB, Tepla-Barrandian
Zone. Inset ¢ based on Kryza,
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wave base; facies C is characterized by increased bed
thickness and grain size, and was interpreted as more
proximal; the massive and structureless sandstones of
facies D were considered as debris flows of volcanic
material (Kryza et al. 1994). No body or trace fossils
have been found.

The Gackowa sandstones have been interpreted, on
the basis of a variety of petrographic and geochemical
criteria, to have been derived from acid volcanic rocks
of early Palaeozoic age that occupy the same strati-
graphic position elsewhere in the Kaczawa Mountains
(Kryza et al. 1994). Macroscopically, they resemble the
shallow-water, storm-dominated sandstones of the
Dubrau Quartzites of Tremadocian depositional age,
in the flanks of the Lusatian Anticlinorium (Linne-
mann et al. 2004; see also Fig. 1a).

Description of analysed sample P1

The sample selected for the SHRIMP study was
collected from an exposure on the north side of the
stadium in Wojcieszéw (P1 in Fig. 1c). It is medium-
grained, well-sorted sandstone, medium- to thick-bedded,
with the original sedimentary structures overprinted
by secondary cross-cutting iron oxide layers. The
sandstone is composed of larger grains (typically 0.1-
0.5 mm in diameter) of quartz and feldspars contained
within a strongly recrystallized matrix of the same
minerals accompanied by sericite, iron oxide and

accessory zircon and apatite. Locally, fragments of
felsic volcanic rocks, feldspar phenocrysts and embayed
quartz grains are present and indicate a significant
contribution of volcanic material to the detritus. Dis-
tinctive microcline grains and large flakes of white mica
are also common and suggest that a part of the sedi-
mentary input could have been from a felsic plutonic or
higher-grade metamorphic rock (Kryza et al. 1994).

Zircon study
Methods

The sample, c. 5 kg in weight, was crushed and the
heavy mineral fraction (0.06-0.25 mm) separated using
a standard procedure with heavy liquids and magnetic
separation. Zircons were handpicked under a micro-
scope, mounted in epoxy and polished. Transmitted
and reflected light photomicrographs were made along
with CL images in order to select grains and choose
sites for analysis. The Sensitive High Resolution Ion
Microprobe (SHRIMP II) at the All Russian Geolog-
ical Research Institute (VSEGEI) in St Petersburg was
used to determine zircon ages in 20 spots within 16
grains. We believe that the analytical coverage of the
zircon population of the rock studied is statistically
reasonable, despite the limited number of performed
measurements; grains for analysis were carefully se-
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lected to include all the main morphological and
structural types (c.f. Fedo et al. 2003).

In situ U-Pb analyses were performed on a
SHRIMP-II at the Center of Isotopic Research (CIR)
at VSEGEI, applying a secondary electron multiplier
in peak-jumping mode following the procedure de-
scribed in Williams (1998) or Larionov et al. (2004). A
primary beam of molecular oxygen was employed to
bombard zircon in order to sputter secondary ions. The
elliptical analytical spots had a size of c. 27 x 20 pm,
and the corresponding ion current was c. 4 nA. The
sputtered secondary ions were extracted at 10 kV. The
80 um wide slit of the secondary ion source, in com-
bination with a 100 pm multiplier slit, allowed mass-
resolution of M/AM 2= 5,000 (1% valley) so that all the
possible isobaric interferences were resolved. One
minute rastering over a rectangular area of c.
60 x 50 um was employed before each analysis in or-
der to remove the gold coating and possible surface
common Pb contamination.

The following ion species were measured in
sequence: '*°(Zr,0)-""*Pb-background (c. 204 AMU)—
206pp,_207pp_208pp_Z8y_2BTHhO-**UO with integra-
tion time ranging from 2 to 20 s. Four cycles for each
spot analyzed were acquired. Each fifth measurement
was carried out on the zircon Pb/U standard TEMORA
(Black et al. 2003) with an accepted 2°°Pb/**®U age of
416.75 + 0.24 Ma. The 91500 zircon with a U concen-
tration of 81.2 ppm and a *°°Pb/**U age of 1,062 +
0.4 Ma (Wiedenbeck et al. 1995) was applied as a
“U-concentration” standard.

The collected results were then processed with the
SQUID v1.12 (Ludwig 2005a) and ISOPLOT/Ex 3.22
(Ludwig 2005b) software, using the decay constants of
Steiger and Jéger (1977). The common lead correction
was done using measured ***Pb according to the model
of Stacey and Kramers (1975). The results of the zircon
analyses are shown in Table 1 and in Figs. 3 and 4.

General zircon characteristics

Antoniuk (1990) and Turniak (in Kryza et al. 1994)
showed that the zircons of the Gackowa sandstones
belong to various populations and that this heteroge-
neity is typical of samples throughout the entire out-
crop. The zircons in our sample P1 are short- to
normal-prismatic, some nearly spherical in shape, often
with moderately to strongly rounded edges. In most
crystals, the prism (100) dominates over (110) and both
pyramids, (101) and (211), are well developed (barrel-
shaped habit). Many of the crystals show distinct
zoning, often asymmetrical and cut by the grain sur-
face. Some grains contain distinct cores and domi-

@ Springer

nantly transparent inclusions. Many crystals are broken
and their broken edges are rounded, this reflecting
their detrital history. Details of the morphology and
inner structure of the zircons studied as well as ana-
lytical spot locations can be found in Fig. 2.

SHRIMP data

All the isotope data were obtained during one analyt-
ical session. The corresponding results are presented in
Table 1 and on Figs. 3 and 4. The ages given in the text
are Concordia ages +2 sigma errors.

Group A: The oldest zircons, >2.4 Ga

Three zircon grains yielded nearly concordant Archean
and early Proterozoic ages (point 5.1, 3411 + 17; 8.1,
2971 + 560; and 13.1, 2463 + 350 Ma (errors at 95%
confidence level). The oldest grain is a rounded, ellip-
soidal fragment of a possibly long-prismatic crystal,
transparent, the weak zoning of which is cut by the
grain surface. The second oldest date (8.1) is from the
rim of a rounded zircon with a distinct ‘“‘euhedral”
internal zoning pattern. The third zircon of that Ar-
chean group (13.1) is also rounded, oval in shape, and
semi-transparent. All three crystals are moderately rich
in Th (71, 127 and 308 ppm) and U (170, 237,
285 ppm). The Th/U ratios are high, above 0.42, which
is normally considered to reflect magmatic origin (e.g.,
Rubatto and Gebauer 2000).

Group B: Early Proterozoic zircons (c. 2.0 Ga)

This group comprises four analyses from four zircon
grains, with mostly good concordant ages: P1_11.1,
2094 + 31; 16.1, 2067 + 29; 14.1, 1995 = 25 and 12.1,
discordant °’Pb/**°Pb age of 1982 + 18 Ma. They are
spherical in shape and have a poorly developed inter-
nal structure. Grain 12.1 shows strong irregular zoning,
whereas grains 14.1 and 16.1 show nearly structureless
clear interiors. All four have generally constant U
contents (205-301 ppm) but Th varies from 4 to
198 ppm. The Th/U ratios in three of the four analyt-
ical points are greater than 0.2, typical of magmatic
origin.

Three points yielded strongly discordant values and
their ’Pb/?”°Pb ages are interpreted as minimum esti-
mates for the true ages: P1_1.1, c¢.1.7 Ga; P1_4.2, c.
1.4 Ga;and P1_7.1,c. 875 + 227 Ma (2 g error). The first
analytical point is located in a distinct core of a subhe-
dral, barrel-shaped zircon grain that has a strongly zoned
mantle. The less obvious “core’” P1_7.1 in a similarly
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Table 1 Results of U-Pb SHRIMP dating of detrital zircons from the Gackowa sandstone, sample P1
Spot  2Pb. U Th  2’Th Rad 206ppr Error 2°Pb 1o *’Pbg Error Pb 16 D

Concordia +2¢

Name (%) (ppm) (ppm) Z*U 2%pp U (%) Pu error 2®Pbg (%) Z°Pb error (%) age, Ma
(ppm) Age Age

42 265 953 2125 230 60.7 0.072 08 450 4 0.0905 3.8 1436 73 220 X

9.2 0.00 621 228 038 474 0.089 08 548 4 0.0594 22 582 47 6 549 9
6.2 129 36 27 0.78 29 0.093 33 571 18  0.0591 145 571 316 0 571 36
2.1 014 278 183 0.68 222 0.093 14 572 8 0.0590 4.6 568 9 -1 572 15
72 041 237 56 024 19.1 0094 13 577 7 0.0577 45 518 99 10 577 14
41 055 47 47 1.03 3.8 0.094 29 579 16 0.0627 10.1 698 215 20 580 32
9.1 018 105 46 045 9.1 0100 1.9 616 11 0.0603 49 614 107 0 616 22
151 000 909 174 020 788 0.101 06 620 4 0.0612 1.7 647 366 4 620 8
6.1 0.00 749 531 073 65.1 0.101 0.7 623 4 0.0606 1.8 625 38 0 623 9
101 039 91 57 0.65 8.0 0.102 2.0 626 12 0.0567 6.0 480 132 23 625 24
31 064 147 76 053 133 0.104 1.7 639 10 0.0594 6.0 581 130 -9 639 20
7.1 0.00 87 20 024 9.0 0121 22 736 15 00682 109 875 227 19 736 31

1.1 0.00 444 68 0.16 63.8
121 0.09 205 4 0.02 63.0
141 0.00 301 198 0.68 943

0.167 09 996 8
0358 1.1 1973 19
0365 1.0 2006 17

0.1036 1.4 1689 25 69 X
01285 13 2078 22 5 X
01218 1.0 1982 18 -1 1995 25

161  0.04 206 197 099 66.7 0376 1.1 2058 20 01285 12 2078 21 1 2067 29
111 0.00 214 49 024 70.2 0383 1.2 2089 21 0.1302 1.3 2100 22 1 2094 31
131 0.09 237 127 055 931 0457 1.1 2425 22 01626 1.0 2483 16 2 2463 350*
8.1 003 170 71 043 838 0572 1.3 2917 30 02235 15 3006 23 3 2971 560°
51 0.05 285 308 111 1683 0.686 1.0 3368 25 0.2899 0.5 3417 8 1 3411 17

Pbc and Pbg are common and radiogenic lead, respectively. Errors are 1o unless otherwise specified. Error of standards mean + 1 ¢ —

0.28%. Given ages are corrected for measured ***Pb
1.7.2
.p1?1 P1.12.1

D%, discordancy D = 100 x [(age®”’Pb/%Pb)/(age **°Pb/***U) - 1]
X, discordant
P1.8.1
P1.13.1
e .P1.14_1

@ Error at 95% confidence level

Fig. 2 Microphotographs
(transmitted, non-polarized
light-left columns) and CL
images (right columns) of
zircons analyzed from the
Gackowa sandstone, sample
P1. Various morphological
types and various internal
structures are represented
(see text for further
explanation). Analytical
points indicated by brighter
ellipses in CL images (note
that magnification is slightly
different from grain to grain;
an approximate scale bar is
given)

shaped zircon crystal has a zoned rim, 7.2, that belong to
the dominant group D showing a Concordia age of
577 + 14 Ma. Point 4.2 is within a dark internal part of a
zircon crystal, conformably surrounded by an outer
bright rim, the latter dated at 580 + 32 Ma. This point
(4.2) is extremely discordant which, together with its

chemical features (common **°Pb = 2.65%, unusually
high Th = 2125, and U = 953 ppm, and very high Th/
U = 2.23), suggest a high-metamict state, implying easy
Pb-loss. The true ages of all these three grains are,
apparently, Precambrian, but cannot be more precisely
assessed.
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Fig. 3 Concordia diagram 11
showing results of SHRIMP -
II zircon analyses from the Gackowa sandstone, sample P1
Gackowa sandstone, sample
P1 (symbols of analytical
points correspond to those in 02f P18
Fig. 2 and Table 1)
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Group C: Zircons of 622 + 10 Ma (mean age)

Five analytical points gave mostly (except for two
spots) concordant ages around 622 Ma. Three of these
(P1_6.1, 9.1, and 10.1) are in cores and the remaining
two (3.1 and 15.1) are in the more external parts of
roughly euhedral crystals with a characteristic barrel-
shaped outline (due to significant development of two
pyramids: (211) and (101). The analyses showed vari-
able Th (46-531 ppm) and U (91-909 ppm) concen-
trations. The Th/U ratios are fairly constant, between
0.19 and 0.71, typical of magmatic zircon. The rims of
these four zircons appear to belong to the younger
generation D of c. 575 Ma.

@ Springer
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Group D: Zircons of 575 + 20 Ma (mean age)

Most of the five points of this group display generally
concordant ages. The corresponding analytical spots
are located in rims of euhedral to subhedral, charac-
teristically barrel-shaped crystals (see above and
Fig. 2). The dominant parts of these crystals (mantles
and rims) show intense zoning of oscillatory ‘“mag-
matic” type. In two cases, the rims are CL-bright (6.2
and 4.1) which corresponds to their low U (36 and
47 ppm, respectively) and Th (27 and 47 ppm) con-
tents. In the other analytical spots, the concentrations
of these elements are higher: Th 56-228 ppm, U 237-
621 ppm. The Th/U ratios are similar to those within
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Group C (0.24-0.99), characteristic of magmatic zir-
cons.

Discussion and conclusion

Twenty analyses from 16 zircon grains reveal a wide
spectrum of ages (Fig. 4), all but one (considerably
disturbed) grain being Precambrian. The oldest zircons
(Group A) include Archaean grains of c. 2.5, 2.9, and
3.4 Ga, the latter being among the oldest dated zircons
in this part of the Variscan belt.

Three groups of younger zircon ages are coherent
and comprise four to five analytical points each:

e Group B:c. 2.0 Ga
e Group C: 622 + 10 Ma
e Group D: 575 + 20 Ma

Three individual, strongly discordant ages obtained,
apparently, also represent various Proterozoic sources,
however, only their minimum ages, between c. 875 Ma
and 1.7 Ga, can be estimated.

Group B, c. 2.0 Ga in age, is well defined and rep-
resented by very rounded grains, derived from a Pal-
aeoproterozoic source, that must have gone through
prolonged sedimentary? abrasion. Zircons of similar
age are very common inherited components in the
Variscan crust elsewhere (Zeh et al. 2001) and, thus,
provide evidence for intense crust-forming processes in
Early Proterozoic times (Gebauer et al. 1989; Friedl
et al. 2000, 2004).

Group C with ages of of 622 + 10 Ma is also clearly
defined: three of five ages are from zircon cores, while
the other two obtained from outer parts of barrel-
shaped crystals which are morphologically distinct due
to the presence of two pyramids: (211) and (101). The
majority of the outer parts and rims display distinct
zoning typical of magmatic growth (e.g., Rubatto and
Gebauer 2000; Kempe et al. 2000 and references
therein) and these were found to belong to the younger
Group D with ages of 575 + 20 Ma. It seems likely that
zircons of the C and D age groups come from the same
source, e.g., granitoids intruded at c. 575 Ma but con-
taining a vestige of an older magmatic/high-grade
metamorphic or anatectic event represented by inher-
ited zircons of c. 622 Ma. Zircons of similar ages have
been found elsewhere across the Cadomian basement
blocks incorporated into the Variscan belt (Friedl et al.
2000, 2004; Zeh et al. 2001).

Importantly, no detrital zircons younger than c.
550 Ma have yet been found in the Gackowa Formation
sandstone. This runs counter to the previous interpre-
tation (Kryza et al. 1994) in which, based largely on
similarities in zircon morphology, the seemingly

contemporaneous felsic volcanics of the neighbouring
area (the Osetka Rhyodacites recently dated at
501 + 2.7 Ma, Kryza et al. 2007, in press) were thought
to be the main source of detritus supplied to the sand-
stones. Our new data comprehensively falsifies this
hypothesis, and indicates that the source area for these
sandstones was a terrain containing dominant Pre-
cambrian granitoids or products of their reworking,
such as the Lusatian Massif to the west.

However, we emphasize that the absence of zircon
grains younger than c. 550 Ma, at the present state of
investigations, cannot yet rule out an early Palaeozoic
depositional age. Firstly, because the sample set anal-
ysed is insufficiently large to ensure that no zircon
younger than 550 Ma was omitted at the sample
selection stage; conceivably, there may have been rare
zircons of that age that escaped recognition. Secondly,
potential source rocks younger than c. 550 Ma might
simply have not been exposed and hence did not sup-
ply any detrital material at the time of deposition of
the Gackowa sandstones.

Thus, the new data do not preclude a Cam-
brian—Early Ordovician depositional age of the
Gackowa sandstones, earlier assigned to them on
grounds of assumed superposition and association
(Kryza and Muszynski 1992; Fig. 5, alternative corre-
lation 1; Fig. 6). However, it now seems equally likely
that sedimentation took place in the late Neoprotero-
zoic (though not earlier than 575 Ma). For comparison,
the sedimentation of the nearby located Lusatian
graywackes and mudstones commenced at 575 Ma
(Linnemann et al. 2000, 2004; Linnemann and Romer
2002), i.e., exactly at the time constrained as the
maximum depositional age of the Gackowa Formation
sandstones. Qualified support for a Precambrian
depositional age is given by the lack, to date, of any
trace fossils or body fossils within the Gackowa For-
mation (Kryza et al. 1994). If the Gackowa sandstones
were Neoproterozoic in age, then their deposition
would not be related to the Cambro-Ordovician rifting
of Gondwana, but would relate to an earlier phase of
the evolution of this region (and be broadly equivalent
to the Lusatian greywackes; Fig. 5, alternative corre-
lation 2; Fig. 7). Subsequent tectonic interleaving of
lithologies, characterized by contrasting ages and
provenance, would have taken place during the Vari-
scan orogeny, within the Kaczawa accretionary prism.

The time span between 622 and 575 Ma, constrained
by zircons of groups C and D, corresponds to the
period of Cadomian magmatic activity in the type area
of the Armorican Massif (Samson et al. 2005; Inglis
et al. 2005). Two distinct thermal events at c. 615-600
and 585-575 Ma, documented in that area, fit perfectly
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Fig. 5 Two alternative
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developed as passive margin
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Fig. 7 Scenario 2: the
Gackowa Formation as a
possible shallow-water
equivalent of the pre-
Cadomian Lusatian
greywackes

SCENARIO 1: GACKOWA FORMATION DEVELOPED WITHIN EARLY PALAEOZOIC EXTENSIONAL BASIN
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to those revealed by the zircons analysed from the
Gackowa sandstones. By contrast, the lack of Meso-
proterozoic zircons seems to preclude the derivation of
detritus from crust characteristic of Avalonia or Bal-
tica. Consequently, the source supplying the material
to the Gackowa sandstones must have comprised Ca-
domian granites, which are widespread within the
Neoproterozoic crust belonging to the Armorican

@ Springer

W-SUDETES

Terrane Assemblage. The nearest present-day expo-
sure of Neoproterozoic granitoids extends over the
Saxothuringian Zone of East Germany, starting c.
70 km to the west of the sandstone locality sampled.
However, the emplacement age of many granitoids
currently cropping out in that area is dated by zircons
at c. 540 Ma (Linnemann et al. 2000), i.e., 35 Ma later
than the age of magmatic zircons found in the Gack-
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owa Formation. Thus, the Neoproterozoic granitoids of
Saxothuringia cannot represent the source for detritus
of the Gackowa sandstones, either because they were
not exposed at the time of their deposition, or because
they were intruded after the Gackowa Formation was
deposited. On the other hand, the granitic pebbles and
detrital zircons extracted from the Lusatian graywac-
kes and associated deposits yielded an age spectrum of
630-575 Ma (Linnemann et al. 2000, 2004), closely
comparable to the scatter of Neoproterozoic ages ob-
tained from the Gackowa Formation. Consequently,
the Gackowa sandstones and the Lusatian deposits
may well have been supplied from the same or a similar
source area currently buried beneath younger deposits
or nappe units. This correlation supports (1) the Sax-
othuringian affinities of the Gackowa sandstones and,
possibly, of the entire Kaczawa succession, and (2) the
large-scale allochthonous nature of the Kaczawa
accretionary complex as postulated in recent nappe
models (Collins et al. 2000; Seston et al. 2000).

The diverse assemblage of the Palaeoproterozoic
and Archean zircons indicates a polygenetic character
of the Precambrian basement (sedimentary source).
Their presence shows that a Cadomian thermal event
overprinted older crust characterized by a complex
evolution and structure, including Archean compo-
nents that are relatively rare in the Armorican terr-
anes (Zeh et al. 2001). The similarity of the
Palaeoproterozoic-Archean age spectrum obtained in
this study to that recently documented for the
deposits of the Saxothuringian Zone of Germany
additionally supports a Saxothuringian affinity for the
Gackowa Formation and, furthermore, points to their
West African provenance (see discussion in Linne-
mann et al. 2004).
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